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Abstract

Despite the well-documented benefits of sprint interval training
(SIT) and plyometric training (PT) in improving the physical fit-
ness of soccer players, it remains unclear which of these training
methods is superior for enhancing players' aerobic and anaerobic
performance. Therefore, this study aimed to compare the effects
of SIT and PT on physical performance measures of male soccer
players. Thirty male soccer players were randomly assigned to PT
(n=10), SIT (n= 10), and an active control group (CON, n = 10).
Before and after the training period, participants underwent a bat-
tery of tests consisting of vertical jump, Wingate, linear sprint
with and without ball dribbling, change of direction, ball kick, and
the Yo-Yo intermittent recovery level 1 (Yo-Yo IR1) tests. Both
groups exhibited similar improvements in maximal kicking dis-
tance (PT, effect size [ES] = 0.68; SIT, ES = 0.92) and measures
of aerobic fitness including maximum oxygen uptake (PT, ES =
1.24; SIT, ES = 1.26) and first (PT, ES = 0.85; SIT, ES = 1.08)
and second (PT, ES = 0.86; SIT, ES = 0.98) ventilatory thresh-
olds. However, PT intervention resulted in greater changes in ver-
tical jump (ES = 1.72 vs. 0.82, p=0.001), anaerobic power (peak
power, ES = 1.62 vs. 0.97, p = 0.009; mean power, ES = 1.15 vs.
1.20, p = 0.05), linear speed (20-m, ES = -1.58 vs. -0.98, p =
0.038; 20-m with ball, ES =-0.93 vs. 0.71, p=0.038), and change
of direction ability (ES =-2.56 vs. -2.71, p = 0.046) than SIT. In
conclusion, both PT and SIT demonstrated effectiveness in en-
hancing aerobic performance among male soccer players. How-
ever, PT yielded superior improvements in anaerobic power, ver-
tical jump, linear speed, and change of direction performance
compared to SIT. These findings suggest that PT may offer addi-
tional benefits beyond aerobic conditioning.

Key words: Interval training, jump training, exercise perfor-
mance, aerobic capacity.

Introduction

Soccer is a renowned team sport distinguished by intermit-
tent bursts of intense movements, such as accelerations and
decelerations, repetitive short-distance sprints, jumping,
and multidirectional turns, tackling, kicking and holding
off opposing players fueled by the anaerobic metabolic
pathway (Kunz et al., 2019; Mohr et al., 2023). While the
aerobic system primarily fuels play throughout the match,
these brief, explosive, and decisive actions, which encom-
pass a range of forceful and explosive concentric, eccen-
tric, and isometric muscle contractions, can ultimately de-
termine the match's outcome (Strudwick, 2016). Aerobic
capacity dominates during less strenuous activities, facili-

tating quicker recovery and plays a determinant role in sus-
taining efforts throughout matches (Rampinini et al., 2011;
Nyberg et al., 2016; Arazi et al., 2017).

A previous study showed significant associations
between maximum oxygen uptake (VOamax) and the capac-
ity for repeated sprint performance (Strudwick, 2016). A
high level of VOama enables individuals to exercise at a
higher intensity by utilizing oxygen efficiently to generate
energy (Stojmenovi¢ et al., 2023). During a 90-minute
match, players typically reach 80 to 90 percent of their
maximum heart rate, corresponding to 70 to 80 percent of
their VOzmax (Stelen et al. 2005). Submaximal thresholds,
such as the aerobic threshold (first ventilatory threshold
[VTi]) and maximal lactate steady state/critical power
(second ventilatory threshold [VT:]), occurring at higher
exercise intensities and significantly lower sub-maximal
lactate concentrations, facilitate athletes in maintaining rel-
atively high percentages of their VOamay for extended du-
rations, thereby aiding in the postponement of fatigue
(Stelen et al., 2005; Dolci et al., 2020; Laursen and Buch-
heit, 2019).

Sprint interval training (SIT) has proven to be an ef-
fective method for improving cardiorespiratory fitness and
anaerobic power in soccer athletes (Dai and Xie, 2023). It
also leads to muscle fiber hypertrophy (Estes et al., 2017)
and neural adaptations (Lewis et al., 2017), which can en-
hance jumping ability (Wahl et al., 2014), linear sprinting
(Moran et al., 2019), and change of direction (Song and
Deng, 2023).

Besides SIT, there has been a noticeable increase in
research examining the effects of plyometric training (PT)
on strength, power, and change-of-direction ability in soc-
cer players (Asadi et al., 2018; Ramirez-Campillo et al.,
2022). Studies have particularly highlighted improvements
in neuromuscular properties, rate of force development,
and firing rates (Ramirez-Campillo et al., 2022; Asadi et
al., 2018). Notably, PT has been found to induce meaning-
ful improvements in skill related performance such as 20-
m sprint with dribbling the ball and maximal kicking ve-
locity and shooting distance in soccer players (Sedano et
al.,, 2011; Ramirez-Campillo et al., 2014; Asadi et al.,
2018). However, despite its positive effects on sport-spe-
cific bio-motor abilities, the impact of PT on aerobic per-
formance of other athletes have been examined recently
(Ma et al., 2024), the effects of PT in soccer players' cardi-
orespiratory fitness remain unclear. In a comparative anal-
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ysis of cardiorespiratory response to different high-inten-
sity interval training (HIIT) interventions, Ducrocq and
colleagues (2020) indicated that engaging in high-intensity
interval drop jumping elicits a similar response in the car-
diorespiratory and oxidative systems as interval running.
By eliciting ~90% VOomax during interval drop jumps,
these researchers suggested that interval drop jumping may
have a superior benefit over running HIIT by concurrently
enhancing both endurance and aerobic performance.

Previous studies have examined the effects of SIT
or PT on performance measures of soccer players, typically
reporting the overall group response without considering
the individual variability in response to exercise training
(Ramirez-Campillo et al., 2014; Arazi et al., 2017; Asadi
et al., 2018). Furthermore, most studies that have analyzed
individual responses to SIT have primarily focused on car-
diorespiratory fitness and metabolic measures (Alvarez et
al., 2017; 2018), neglecting other measures more relevant
to soccer players, such as jumping ability or skill-based
performance such as sprinting speed with the ball and max-
imal shooting distance. In addition, studies reporting the
inter-individual variability in response to PT are limited
(Ramirez-Campillo et al., 2018) and the adaptations to PT
or SIT, focusing on inter-individual responses to training
in physiological parameters and physical fitness attributes,
still need to be fully understood. Therefore, this study
aimed to compare the effects of a 6-week PT and SIT in-
tervention on the physical performance of male soccer
players.

Methods

Study design

This study employed a randomized parallel experimental
design involving two training groups and a control group.
The allocation of groups was determined using a comput-

erized random number generator, resulting in unpredicta-
ble group assignments based on chance. This method was
carried out in compliance with the guidelines specified in
the "CONSORT" statement (http://www.consort-state-
ment.org) (Figure 1). All players competed in the U23 na-
tional championship cup. The study lasted for a total of
eight weeks, with one week allocated for pre-testing, six
weeks for the training intervention, and a final week for
post-testing. Before the commencement of the study, par-
ticipants underwent a set of assessments, including both
lab- and field-based measurements, to assess cardiorespir-
atory fitness indicators and soccer-specific bio-motor abil-
ities. Anthropometric measurements, such as height and
body mass, were taken during the initial visit. A graded ex-
ercise test was conducted to determine maximum oxygen
uptake and other physiological variables. The second visit
focused on measuring Wingate-based anaerobic power.
Jumping ability, maximal kicking distance, and Yo-Yo in-
termittent recovery test level 1 were assessed during the
third testing session. Change of direction (COD) and linear
speed were evaluated during the fourth occasion. Testing
sessions were spaced 24 hours apart, with participants in-
structed to avoid caffeine, alcohol, and strenuous exercise.
Training sessions were scheduled in the afternoon to mini-
mize circadian variations. Participants underwent the same
tests post-training period to compare results (Table 1).
Prior to the initiation of the tests, a 15-minute general
warm-up routine was carried out to all participants. The
performance tests were conducted on a soccer field of nat-
ural grass, with temperatures ranging from 26 - 28°C and
wind speeds below 20 km/h. Additionally, lab-based phys-
iological parameters were measured in the laboratory,
where the temperatures ranged from 25 - 27°C and the hu-
midity ranged from 45 - 50%. To eliminate any potential
effects of shoes, all players were instructed to wear the
same footwear during the pre- and post-tests.

Assessed for eliibility (n=30)

Excluded (n=0)
- Not meeting inclusion criteria (n=0)

2 - Declined to participate (n=0)
- Other reasons (n=0)

Randomized (n=30)

v

h 4

’

Allocated to PT intervention (n=10)
- Recerved allocated mtervention (n=10)

Allocated to SIT intervention (n=10)
- Received allocated intervention (n=10)

Allocated to CON group (n=10)
- Recetved allocated intervention (n=10)

h 4

Lost to follow-up (n=0)
Discontinued intervention (n=0)

v

v

Analyzed (n=10)
Excluded from analysis (n=0)

Analyzed (n=10)
Excluded from analysis (n=0)

Analyzed (n=10)
Excluded from analysis (n=0)

Figure 1. Study flow.
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Table 1. An overview the training program for a one-week example during the experimental period.

Monday Tuesday Wednesday Thursday Friday Saturday Sunday
Morning  Individual Yl.de(.) or Massage \./1.de(.) or Individual
. « Rest multidisciplinary multidisciplinary Rest
session fitness activities therapy activities fitness
Evenin PT or SIT + Technical-tactical PTor SIT+  Technical-tactical PT or SIT +
se‘;siolng Technical- drills, Simulated Technical-  drills, Small-sided  Technical- Rest Rest

tactical drills competitive games

tactical drills

games tactical drills

* Individual Fitness: Development and strengthening of individual physical potential according to playing position on the pitch.

Participants

The sample size was determined using G¥*Power software
(Version 3.1.9.2, University of Kiel, Germany). Initially,
based on a 95% confidence interval and an analysis power
of 0.80, eight subjects were calculated for each group.
However, to mitigate potential participant dropout during
data collection, the sample size was subsequently increased
to 10 participants per group. A total of thirty male soccer
players (twelve defenders, twelve midfielders, and six at-
tackers) who were members of a local academy soccer
team, participated in the study. They were matched based
on their playing position (4 defenders, 4 midfielders, and 2
attackers, n = 10 for each group) and the level of cardi-
orespiratory fitness (i.e., VOoma) and were randomly di-
vided into plyometric training (PT; n=10: age =212+ 1.4
years, height = 178.6 = 7.5 cm, body mass = 75.5 + 7.1 kg,
and soccer experience = 7.1 + 2.5 years), sprint interval
training (SIT; n=10: age =22.4 + 1.6 years, height =179.2
+ 7.7 cm, body mass = 75.8 + 6.9 kg, and soccer experience
=7.6 = 2.1 years) and an active control group (CON; n =
10: age = 22.2 + 1.9 years, height = 174.6 £+ 8.8 cm, body
mass = 77.5 £ 5.1 kg, and soccer experience = 6.4 + 3.2
years). Exclusion criteria were applied to players with po-
tential medical issues or a history of ankle, knee, or back
problems within three months before the study. Addition-
ally, players with medical or orthopedic problems that
could compromise their participation or performance in the
study and those who had undergone lower extremity recon-
structive surgery within the past two years or had unre-
solved musculoskeletal disorders were also excluded be-
fore commencement of the study. All players were thor-
oughly informed about the experimental procedures, as
well as the potential risks and benefits associated with their
inclusion in the study, and they signed an informed consent
document prior to any testing. The study was conducted in
accordance with the Declaration of Helsinki and received
approval from the ethics committee of the University of
Chengdu Aeronautic Polytechnic.

Lower-body Wingate test

In addition, the 30-second maximal Wingate anaerobic test
was used to evaluate soccer players' lower-body peak
power output (PPO) and mean power output (MPO). Ath-
letes performed the test on a mechanically braked cycle er-
gometer (model 894E, Monark, Sweden) and pedaled
against a resistance equivalent to 0.075 kg/kg of their body
mass. They began the test by pedaling at maximum speed
against the device's inertial resistance, followed by apply-
ing a personalized load. The players were verbally encour-
aged to pedal at maximum effort for 30 seconds. The high-
est power achieved at the 5-second mark (i.e., PPO) and the
average power throughout the test (i.e., MPO) were identi-

fied for further analysis (Bayati et al., 2011). The ICC for
this test was 0.94.

Vertical jump performance

This study utilized the vertical jump to evaluate the jump-
ing ability of the lower body, using the wall mounted
VERTEC (Power System, USA), as previously described
in detail (Song and Deng, 2023). The players underwent a
warm-up phase consisting of 3 submaximal jumps, fol-
lowed by three maximal vertical jumps, with the objective
of reaching the highest possible height in cm. A 10-second
rest period was provided between each trial. The best score
of the three measurements was selected for further analy-
sis, and the intraclass correlation coefficient (ICC) was
0.93.

Linear sprint (with and without the ball)

The selection of a 20-meter sprint test is based on its fre-
quent application in evaluating the sprinting speed of soc-
cer players (Burgess et al., 2006; Asadi et al., 2018; Dai
and Xie, 2023). Two self-paced practice trials were pro-
vided to each player for a specific warm-up. Once the play-
ers were prepared, they commenced the run from a station-
ary position 0.5 m behind the starting line. Upon the com-
mand "GO," the players ran along a 20-m linear track, both
with and without dribbling the ball (size-5 Nike). The fast-
est sprint time from the three trials, with a 1-minute rest in
between, was chosen for further analysis. The running time
was accurately recorded using photocell gates (Muscle
Lab, Technology) positioned 0.4 m above the ground, with
a precision of 0.001 s. The ICC for the sprint test was 0.94
and 0.92 for the trials with and without the ball, respec-

tively.
(A

v

Start/Finish Line

Figure 2. L-Run procedure. For the L-run, 3 cones were placed 5 m
apart in the shape of an L. Players were instructed to run as quickly as
possible along the L.

L-run change of direction

The L-run COD test was implemented to evaluate the abil-
ity of soccer players to accelerate, decelerate, and take
turns in various directions (Langley and Chetlin, 2017).
Following the warm-up, participants were presented with a
diagram (refer to Figure 2) and given a written description
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of the agility course. Afterward, the researcher led the par-
ticipants throughout the agility test to ensure understand-
ing. Following a series of practice attempts, participants
were directed to stand at the starting line (marked by A
cone) and commence the trial upon instruction. Partici-
pants were then instructed to begin running upon the com-
mand to "GO". The time taken to complete the run was pre-
cisely measured using photocell gates (Muscle Lab, Tech-
nology) positioned 0.4 m above the ground, with an accu-
racy of 0.001 s at the start/finish cone. Three attempts were
made, with a minimum of one minute of rest between each
attempt, and the best performance was chosen for subse-
quent statistical analysis. The ICC of this test was 0.94.

Maximal kicking distance measurement

Maximal kicking distance (MKD) is a skill-based measure
of extensor muscle power which is frequently used by stud-
ies to evaluate this parameter (Ramirez-Campillo et al.,
2014; Asadi et al., 2018). To evaluate the maximal distance
of a soccer player who kicks a ball with one foot (i.e., dom-
inant foot), the MKD test is used as a standard test de-
scribed in detail previously (Ramirez-Campillo et al.,
2015). Briefly, following a warm-up, each player was in-
structed to kick a size-5 Nike Seitiro, a FIFA-certified ball,
for the farthest distance possible on a grass soccer field. A
60-meter metric tape was placed across the field to measure
the distance accurately, spanning from the kicking line to
the opposite end. An evaluator positioned near the ball's
landing spot marked the point of impact and determined the
distance traveled by the ball. The recorded distance was
rounded to the nearest 20 cm. The best kick out of three
attempts, with a one-minute rest between each trial, was
selected for analysis purposes. The ICC of this test was
0.89.

Yo-Yo Intermittent Recovery level 1

The Yo-Yo IR1 was utilized as a standardized fitness as-
sessment for the aerobic capacity of soccer players using a
valid procedure previously described in detail by Krustrup
et al. (2003). The test involves a series of 20-m shuttle runs,
with the pace gradually increasing. Each shuttle run covers
a distance of 20 m and is followed by a 10-second active
recovery period. Players were instructed to continue run-
ning until they reached a point of voluntary exhaustion. For
analysis purposes, the total distance covered by the shuttles
was recorded, excluding the distance covered during the
rest interval. The ICC of this test was 0.93.

Cardiorespiratory fitness

The maximal oxygen consumption (VOamax), 0Xygen pulse
(VO»/HR), and measures of respiratory system consisting
of maximal ventilation (Vg), tidal volume (Vr), and respir-
atory frequency (Rr) were evaluated using an incremental
exercise test on a treadmill (Technogym, Italy) and a
breath-by-breath gas collection system (2700 series; Hans
Rudolph Inc., Shawnee, KS, USA). The test was initiated
with 8 km/hr intensity and increased by 1 km/hr every 3
minutes until the players reached volitional exhaustion. A
30-second rest interval for blood sampling followed each
stage. Blood lactate concentrations (BLa) were determined
from the earlobe using a blood lactate measurement device
(Lactate Pro 2 LT-1730, Arkray, Japan). The VOouax Was

determined as the highest 30-second value during the test.
According to the study of Sheykhlouvand and colleagues
(2022), several criteria including a) a leveling off of VO,
despite an increase in workload; b) a respiratory exchange
ratio greater than 1.1; ¢) BLa levels of 8 mmol/L or higher;
d) HRmax of at least 95% of the age-predicted maximum
(220 - age); and e) volitional exhaustion were used to de-
termine if the athlete reached VOamax. The first and second
ventilatory thresholds (VT; and VT,) were determined us-
ing previously standardized criteria (Sheykhlouvand and
Gharaat, 2024). The ICC was 0.96.

Training intervention

The players followed their regular schedule on each day of
the week (see Table 1). They players in training groups par-
ticipated in PT or SIT on Monday, Wednesday, and Friday
afternoons, specifically from 5:00 to 7:00 P.M, before their
soccer training sessions, while the active CON group en-
gaged in soccer practice only. A 15-minute warm-up (i.e.,
5 minutes of running, 5 minutes of stretching, and 5
minutes of sprinting and ballistic movements) was con-
ducted. The PT program consisted of four different exer-
cises: squat jump, tuck jump, lateral box jump utilizing a
40-cm box, and depth jump from a 45-cm box (Chu, 1998).
Each exercise consisted of three sets of ten repetitions with
maximal intensity (i.e., all-out), with rest intervals of 30
and 60 seconds between sets and exercises, respectively
(Ramirez-Campillo et al., 2014). On the other hand, the
SIT group engaged in four sets of ten repetitions of five-
second all-out running, with a recovery period of 1:3 ratios
(i.e., 5 seconds of run: 15 seconds of rest) between efforts
and three minutes of recovery between sets (Boullosa et al.,
2022).

A specialist soccer and strength and conditioning
coach closely monitored all training sessions to ensure
proper techniques were employed. The training groups
were prescribed with the same training frequency, number
of series, work duration, and rest duration to ensure a con-
sistent exercise prescription (Venegas-Carro et al., 2023).

Dietary control

All players were instructed to maintain their dietary habits
throughout the study. Furthermore, they were requested to
document and evaluate their food diaries for three days be-
fore the baseline testing using software (COMP EAT 4.0;
National Analysis System, London, United Kingdom). The
players adhered to comparable dietary patterns, with their
caloric intake comprising 25% protein, 60% carbohy-
drates, and 15% fat. Moreover, they were advised against
other supplements and were only instructed to consume
1000 mg of Vitamin C daily during the training sessions to
enhance recovery.

Statistical analysis

The data are presented as the mean + standard deviation
(SD). To compare the differences between groups, a 3
(group) x 2 (time) analysis of variance (ANOVA) was con-
ducted. The magnitude of training effects was assessed
using the effect size (ES) with a 95% confidence interval
(CI). Hedge's g was used to calculate the effect size for all
measures. According to the classification proposed by
Hopkins et al. (2009), an effect size of less than 0.2 was
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considered trivial, 0.2 - 0.6 was small, 0.6 - 1.2 was mod-
erate, 1.2 - 2.0 was large, 2.0 - 4.0 was very large and
greater than 4.0 was nearly perfect. Individual percent
changes (A% = (post - pre) / pre x 100) over time were
calculated for each variable. Additionally, individual resid-
uals in percent changes were calculated by taking the
square root of the squared difference between the individ-
ual percent change and the mean percent change for each
tested variable. The significance level was set at 0.05.

Results

Pre- to post-intervention changes in physical performance
and aerobic and anaerobic fitness measures are presented
in Table 2 and Table 3, respectively. All players demon-
strated complete adherence, resulting in a success rate of
100%. Furthermore, there were no reported occurrences of
injuries associated with the training interventions. Addi-
tionally, no statistically significant differences (p > 0.05)
were noted between the groups at the baseline. In addition,
after the training period both SIT and PT groups indicated
significant differences compared with CON group in all
measures (p = 0.001). Significant (p < 0.05) changes in
measures were observed in both the PT and SIT groups at
post-intervention, with ESs ranging from medium to very
large (p = 0.001). In the vertical jump (p = 0.001), PPO (p
=0.009), MPO (p = 0.05), 20-m linear sprint (p = 0.038),
20-m sprint with dribbling ball (p = 0.036) and L-run
CODS (p = 0.046), the PT group indicated significant dif-
ferences compared with SIT group.

The comparison of group changes revealed that the
PT group exhibited significantly greater improvements in
vertical jump (p = 0.001), PPO (p = 0.007), MPO (p =
0.013) (see Figure 3), 20-m linear sprint performance (p =
0.034), 20-m sprint performance with dribbling (p =
0.025), and COD (p = 0.001) (see Figure 4) compared to
the SIT group. However, the observed changes in MKD
(see Figure 5), Yo-Yo IR1, VOomax, VT, and VT (see Fig-
ure 6) did not differ significantly between the groups (p >
0.05). Additionally, the analysis of individual residuals in

adaptive changes indicated similar inter-subject variability
in response to PT and SIT (p > 0.05). Furthermore, the var-
iables related to gains in cardiorespiratory fitness including
VO,/HR, Vg and Ry increased significantly (p < 0.05) after
training, without significant differences between the SIT
and PT groups (Table 3).

Discussion

The aim of this study was to compare the effects of SIT and
PT on physical performance of male soccer players. The
findings revealed that PT is significantly superior to SIT in
eliciting greater changes in vertical jump, PPO, MPO, 20-
m sprint with and without the ball, and L-run CODS. How-
ever, both groups exhibited similar improvements in MKD
and measures of aerobic capacity, including Yo-Yo IR1,
VOamax, VTi, and VTo.

Following the 6-week intervention, both the PT and
SIT groups exhibited enhancements in their anaerobic
power performance, as measured by vertical jump, PPO,
and MPO. Moreover, significant differences were ob-
served between the training groups and an active CON
group, suggesting that soccer training alone may not effec-
tively foster adaptations in anaerobic power performance.
These findings are supported by previous studies highlight-
ing the effects of PT (Ramirez-Campillo et al., 2018; Asadi
etal., 2018) and SIT (Moran et al., 2019; Kunz et al., 2019;
Boullosa et al., 2022) on improving the vertical jump, PPO,
and MPO of soccer players. Previous findings indicate that
improvements in anaerobic power performance induced by
SIT are associated with enhanced neuromuscular adapta-
tions, such as increased rate of force development and fir-
ing rate of muscles (Buchheit and Laursen, 2013). Con-
versely, the increased anaerobic power performance result-
ing from short-term PT can be attributed to neuromuscular
adaptations, including enhanced muscular coordination, in-
hibition of antagonist muscles, and activation and contrac-
tion of synergistic muscles and motor units (Ramirez-
Campillo et al., 2014; Asadi et al., 2018).

Table 2. Changes in performance variables from pre- to post-training for all groups (Mean+SD).

. Group
Variable PT (n = 10) SIT (n = 10) CON (n=10)
Pre 456+£29 45.6+£3.1 44.8+3.1
Vertical jump (cm) Post 51.2£3.2 % ** 48.4 +3.6* 45.1+£3.6
ES (95% CI) 1.72 (0.69 to 2.75) 0.82 (-0.09 to 1.74) -
Pre 3.88+0.19 3.88+0.21 3.89+0.18
20-m sprint (sec) Post 3.54 £0.22 *, ** 370 +£0.15* 3.88+0.21
ES (95% CI) -1.58 (-2.59 to -0.58) -0.98 (-1.90 to -0.05) -
Pre 5.13+0.35 5.15+0.16 5.14+0.12
20-m sprint with ball (sec)  Post 4.81£0.31 *, ** 4.92 £ 0.16* 5.13£0.11
ES (95% CI) -0.93 (-1.58 to 0.00) -0.71 (-1.61 t0 0.19) -
Pre 8.58+£0.23 8.55+0.19 8.53+0.21
L-run COD (sec) Post 8.05+0.16 *, ** 8.12+0.11* 8.56 +£0.19
ES (95% CI) -2.56 (-3.74 to -1.38) -2.71 (-3.93 to -1.50) -
Pre 38.5+4.9 39.4+3.1 40.1+£2.9
MKD (m) Post 42.1 £5.6* 42.7 + 3.8%* 402 +3.1
ES (95% CI) 0.68 (-0.22 to 1.58) 0.92 (0.00 to 1.84) -
Pre 1382+ 116 1366 + 147 1354 £ 176
Yo-Yo IR 1 (distance) Post 1626 + 118* 1608 + 155* 1378 + 158

ES (95% CI)

2.00 (0.92 to 3.07)

1.53 (0.54 to 2.53) -

* Significantly greater than pre-training value and significantly greater change than the CON group. ** Significantly greater changes than SIT group.



Yang et al.

531

Table 3. Changes in cardiorespiratory fitness and anaerobic power output variables from pre- to post-training for all groups

(Meanz£SD).
q Group
Variable PT (n = 10) SIT (n = 10) CON (n=10)
Pre 50.1+22 50.2+2.3 50.1+2.6
VO2max (ml.kg.min) Post 53.2+2.5% 53.3+£2.3% 504+29
ES (95% CI) 1.24 (0.29 to 2.20) 1.26 (0.30 to 2.22) -
Pre 69.1+3.0 69.4+2.7 69.7 +2.8
VT1 (% VO2max) Post 72.0 £ 3.6% 723 £2.5% 68.4+29
ES (95% CI) 0.85 (-0.07 to 1.76) 1.08 (0.14 to 2.02) -
Pre 84.0+3.9 84.0+3.2 83.1+4.2
VT2 (% VO2max) Post 87.6+4.1% 87.4+3.3% 83.4+3.9
ES (95% CI) 0.86 (-0.06 to 1.77) 0.98 (0.05 to 1.91) -
Pre 21+16 216+19 216+28
VOHR (ml-b™-min) Post 241+1.7% 23.9+1.7* 21.9+29
ES (95% CI) 1.21 (0.22 to 1.85) 1.27 (0.11 to 1.94) -
Pre 1294+ 16.8 131.8 + 18.1 126.6 + 14.6
Ve (I'min") Post 142.8 £17.1 * 149.7 + 17.8* 129.8 + 16.1
ES (95% CI) 1.12 (0.34 to 1.75) 1.27 (0.25 t0 2.01) -
Pre 2.64+0.3 248+0.2 232+03
Vr (I'bY) Post 2.63+0.2 245403 233403
ES (95% CI) - - -
Pre 49.01+4.9 53.14+5.7 5456 +7.6
Rr (b-min") Post 5429 +5.1% 61.10 + 5.3* 55.71+8.9
ES (95% CI) 1.05 (0.41 to 1.87) 1.44 (0.14 to 2.02) -
Pre 809.2 +44.7 809.1 +50.5 798.2 +43.2
PPO (w) Post 895.3 + 57.5 *, ** 866.5 + 60.9* 804.1 +52.7
ES (95% CI) 1.62 (0.61 to 2.63) 0.97 (0.04 to 1.90) -
Pre 4724+51.7 471.6 £34.0 4682 +28.4
MPO (w) Post 532.5 £ 48.4 *, ** 517.7 + 28.5% 472.9+33.2

ES (95% CI)

1.15 (0.20 to0 2.09)

1.20 (0.25 t0 2.15)

* Significantly greater than pre-training value and significantly greater change than the CON group. ** Significantly greater changes than SIT group.

The PT group demonstrated significantly greater
improvements in anaerobic power performance compared
to the SIT group in this investigation. These results are con-
trary to a recent study conducted by Venegas-Carro et al.
(2023), which indicated similar adaptations in counter-
movement jump through the use of jump and interval train-
ing. The discrepancy could be attributed to differences in
the training protocols employed. Moreover, utilizing a
combination of plyometric exercises, such as squat jumps
and drop jumps, may be more effective in enhancing jump
performance than focusing solely on countermovement
jump, as done in the study by Venegas-Carro et al. (2023).
The enhanced adaptations in anaerobic power performance
observed with PT may be linked to more significant
changes in neural adaptation and neuromuscular coordina-
tion associated with jump training. Benitez-Flores et al.
(2023) reported that SIT may reduce neuromuscular func-
tion, contrasting with Kons et al. (2023) who suggested that
PT is a suitable method for improving neuromuscular ad-
aptations and vertical jump performance.

It was revealed that both the PT and SIT methods
positively affect the adaptations in the 20-m sprint with and
without the ball and COD. Moreover, both training groups
displayed significant differences in comparison to the CON
group. These findings are consistent with previous studies
that have shown the positive impact of PT (Ramirez-
Campillo et al., 2018; Asadi et al., 2018) and SIT (Moran
et al.,, 2019; Kunz et al.,, 2019) on enhancing sprinting
speed and CODS in soccer players. The activation of fast
twitch muscle fibers and rate of force development could
potentially explain the gains in sprinting and CODS

following PT (Miller et al., 2006; Asadi et al., 2018;
Ramirez-Campillo et al., 2018). On the other hand, im-
provements in stride length and frequency resulting from
power generation during SIT, along with the principle of
training specificity, may be the current mechanisms for en-
hancing sprinting speed and CODS through the incorpora-
tion of SIT (Song and Deng, 2023).

The PT group showed greater training effects com-
pared to the SIT group in sprint performance and CODS
after the 6-week intervention. While the specificity of
training is crucial for optimal adaptations, the study's re-
sults indicated that PT led to more adaptations than SIT.
This could be attributed to the strength gains achieved
through PT. Venegas-Carro et al. (2023) found that jump
training is more effective than sprint training in enhancing
strength, while Seitz et al. (2014) demonstrated the positive
transfer of lower-body strength to sprint performance. This
could be attributed to the strength gains achieved through
PT.

The results of the study revealed that both the PT
and SIT methods have a positive impact on the adaptations
in MKD after the 6-week intervention. These findings are
in accordance with previous research studies that have re-
ported the effectiveness of PT (Sedano et al., 2011; Rami-
rez-Campillo et al., 2015) and SIT (Wong et al., 2010) in
improving maximal kicking speed and shooting distance
for both the dominant and non-dominant leg following a
training period (Sedano et al., 2011). Masuda et al. (2005)
emphasized that gains in kicking speed and shooting per-
formance are not fully determined by increases in muscle
power since technical skill is also a crucial factor. In fact,
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the integration of both training methods with soccer train-
ing may enhance technical stability and lead to improve-
ments in MKD; however, additional studies are required to
elucidate the adaptations that take place for MKD enhance-
ments.
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Figure 3. Changes in vertical jump, PPO and MPO following

the 6-week training (Mean = SD). * Denotes significant differences
versus pre-value (p = 0.001). ** Denotes significant differences between
training groups (p < 0.05).

After the 6-week intervention, both the PT and SIT
groups demonstrated improvements in measures of aerobic
fitness assessed by Yo-Yo IR1 and graded exercise test
(VOamax, VT, and VT,). Additionally, significant differ-
ences were observed between the training groups and an
active CON group, indicating positive effects of PT and
SIT on measured qualities. These findings align with pre-
vious research that emphasized the impact of SIT on the
aerobic capacity parameters mentioned above (Moran et
al., 2019; Kunz et al., 2019; Boullosa et al., 2022; Dai and
Xie, 2023; Sheykhlouvand and Gharaat, 2024). Recently,
Ramirez-Campillo and colleagues (2022) have indicated
positive effects of PT on Yo-Yo IR1, confirming the effec-
tiveness of jump training on aerobic performance adapta-

tions (Ramirez-Campillo et al., 2022). In other experiment,
Sheykhlouvand and Gharaat (2024) have indicated that six
weeks of short sprint interval training effectively stimu-
lates adaptive mechanisms involved in enhancing cardi-
orespiratory fitness in soccer players. Performing exercise
at intensities beyond red zone, which typically involves
reaching an intensity surpassing 90% of their VOamax, stim-
ulates adaptive mechanisms involved in the enhancement
of cardiorespiratory fitness (Laursen and Buchheit, 2019).
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Figure 4. Changes in 20-m sprint with and without dribbling
ball and L-run COD following the 6-week training (Mean +
SD). * Denotes significant differences versus pre-value (p = 0.001). **
Denotes significant differences between training groups (p < 0.05).

As we mentioned earlier, studies have indicated that
performing repeated jumps with maximal exertion results
in eliciting a high percentage of VOaumax possibly due to low
recovery time between all-out exertions (Ducrocq et al.,
2020) leading to enhanced aerobic fitness over the training
period. While the adaptations in aerobic capacity parame-
ters have been extensively documented in the aforemen-
tioned studies, the beneficial effects of PT-induced im-
provements in aerobic performance adaptation remain
inconclusive. PT is typically characterized by eccentric
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training methods and previous research has demonstrated
that eccentric exercise can improve cardiorespiratory fit-
ness by 10 to 15% (Meyer et al., 2003; Julian et al., 2018).
The repeated eccentric movements in PT cause alterations
in the biomechanical properties of soft tissues and skeletal
muscles, leading to increased oxygen consumption during
contractions and subsequent cardiorespiratory adaptations
(Penailillo et al., 2015). Enhanced cardiorespiratory fitness
is attributed to enhanced oxygen-carrying capacity (i.e.,
oxygen delivery [Sheykhlouvand et al., 2022 and Shey-
khlouvand and Gharaat, 2024; Rasouli Mojez et al., 2021])
and the extraction and utilization of delivered oxygen by
active muscles (Fereshtian et al., 2017; Sheykhlouvand et
al., 2018a). Significantly enhanced VOjmax in our study
could result from improved cardiac function or oxygen
pulse (i.e., VO/HR). Recent studies have indicated that
VOo/HR is a reliable indirect measure of stroke volume in
trained subjects (Bernardi et al., 2020; Gharaat et al., 2020;
Sheykhlouvand et al., 2016; 2018b). During exercise, the
cardiovascular and respiratory systems work together as a
coordinated unit to transport gases involved in respiration
(McConnell, 2013). Our gas exchange results indicated
that both training interventions significantly enhanced
maximal ventilation over the training period. A previous
study conducted by Sheykhlouvand and colleagues
(2018b) has indicated a positive correlation between Vg
and VOapmay. Inhaled oxygen from the atmosphere through
the respiratory system (i.e., elevated V) and enhanced ox-
ygen carrying capacity (i.e., elevated VO»/HR) could be
justifying mechanisms of enhanced VO,max. Heightened Vi
could result from elevated respiratory frequency as tidal
volume remained unchanged from pre- to post-training.
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Figure 5. Changes in MKD following the 6-week training
(Mean £ SD). * Denotes significant differences versus pre-value (p =
0.001).

Conversely, enhancing metabolic demand subse-
quent to eccentric action caused by PT can lead to a sys-
temic effect on skeletal muscle physiological processes and
peripheral circulatory adaptations (Nikolaidis et al., 2008),
resulting in an increase in skeletal muscle capillarization
and angiogenesis along with improvements in mitochon-
drial respiration and capillary-to-fiber ratio post eccentric
training (LaStayo et al., 2000). Taken together, these find-
ings may indicate that incorporating eccentric action in PT

could elicit a similar level of stress on oxygen transport and
utilization needs (Touron et al., 2021), leading to compara-
ble enhancements in aerobic capacity for both PT and SIT.
However, further research is essential to determine which
adaptations may be more prevalent.
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Figure 6. Changes in aerobic capacity parameters following
the 6-week training (Mean £ SD). * Denotes significant differences
versus pre-value (p = 0.001).

A limitation of this study was the inability of the
authors to establish a cause-effect relationship for the train-
ing interventions, as multiple regression analysis was not
utilized. Furthermore, the authors did not adequately
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control for soccer practice by monitoring intensity and run-
ning distance in each training session using GPS. Moreo-
ver, the PT group did not directly assess the underlying
mechanism associated with aerobic performance adapta-
tion. It is suggested that future studies employ laboratory
measurements to identify the specific adaptations that con-
tribute to enhancing cardiorespiratory fitness through the
implementation of PT.

Conclusion

The study findings demonstrate that three sessions per
week of either PT or SIT effectively enhance various phys-
iological and performance parameters in male soccer play-
ers. PT yielded significantly greater improvements in ver-
tical jump, PPO, MPO, 20-meter sprint speed with and
without the ball, and COD compared to SIT. However,
both PT and SIT groups showed similar enhancements in
MKD and aerobic capacity measures such as Yo-Yo IR1,
VO2max, and VT1. These findings underscore the efficacy
of PT and SIT in enhancing key physical attributes crucial
for soccer performance.

Acknowledgements

The measurement complied with the current laws of the country in which
they were performed. The authors have no conflicts of interest to declare.
The datasets generated and analyzed during the current study are not pub-
licly available, but are available from the corresponding author who was
an organizer of the study.

References

Alvarez, C., Ramirez-Campillo, R., Ramirez-Vélez, R. and Izquierdo, M.
(2017) Effects of 6-weeks high-intensity interval training in
schoolchildren with insulin resistance: influence of biological
maturation on metabolic, body composition, cardiovascular and
performance non-responses. Frontiers in Physiology 8, 444.
https://doi.org/10.3389/fphys.2017.00444

Alvarez, C., Ramirez, Vélez, R., Ramirez, Campillo, R., Ito, S., Celis,
Morales, C., Garcia, Hermoso, A. and Izquierdo, M. (2018) In-
terindividual responses to different exercise stimuli among insu-
lin, resistant women. Scandinavian Journal of Medicine and Sci-
ence in Sports 28(9), 2052-2065.
https://doi.org/10.1111/sms.13213

Arazi, H., Keihaniyan, A., Eatemady-Brooujeni, A., Oftade, A., Takhsha,
A., Asadi, A. and Ramirez-Campillo, R. (2017) Effects of heart
rate vs. speed based high intensity interval training on aerobic
and anaerobic capacity of female soccer players. Sports 57, 1-8.
https://doi.org/10.3390/sports5030057

Asadi, A., Ramirez-Compillo, R., Arazi, H. and Seaz de Villarreal, E.
(2018) The effects of maturation on jumping ability and sprint
adaptations to plyometric training in youth soccer players. Jour-
nal of Sport Sciences 36, 2405-2411.
https://doi.org/10.1080/02640414.2018.1459151

Bayati, M., Farzad, B., Gharakhanlou, R. and Agha-Alinejad, H. (2011)
A practical model of low-volume high-intensity interval training
induces performance and metabolic adaptations that resemble
‘all-out’ sprint interval training. Journal of Sports Science and
Medicine 10, 571-576.
https://pubmed.ncbi.nlm.nih.gov/24150635/

Benitez-Flores, S., Castro, F. A. D. S., Cadore, E. L. and Astorino, T. A.
(2023) Sprint interval training attenuates neuromuscular function
and vagal reactivity compared with high-intensity functional
training in real-world circumstances. Journal of Strength and
Conditioning Research 37(5), 1070-1078.
https://doi.org/10.1519/JSC.0000000000004358

Bernardi, M., Guerra, E., Rodio, A., Dante, D., Castellani, V., Peluso, 1.,
Schena, F. and Bhambhani, Y. (2020) Assessment of Exercise
Stroke Volume and Its Prediction from Oxygen Pulse in Para-
lympic Athletes with Locomotor Impairments: Cardiac Long-

Term Adaptations Are Possible. Frontiers in Physiology 10,
1451. https://doi.org/10.3389/fphys.2019.01451

Boullosa, D., Deagutinovic, B., Feuerbacher, J.F., Benitez-Flores, S.,
Coyle, E.F. and Schumann, M. (2022) Effects of short sprint in-
terval training on aerobic and anaerobic indices: A systematic
review and meta-analysis. Scandinavian Journal of Medicine
and Science in Sports 32, 810-820.
https://doi.org/10.1111/sms.14133

Buchheit, M. and Laursen, P.B. (2013) High-intensity interval training,
solutions to the programming puzzle-part 1. Sports Medicine 43,
313-338. https://doi.org/10.1007/s40279-013-0029-x

Burgess, D. J., Naughton, G. and Norton, K. 1. (2006) Profile of move-
ment demands of national football players in Australia. Journal
of Science and Medicine in Sport 9(4), 334-341.
https://doi.org/10.1016/j.jsams.2006.01.005

Chu, D.A. (1998) Jumping into plyometric. Human Kinetics.

Dai, L. and Xie, B. (2023) Adaptations to Optimized Interval Training in
Soccer Players: A Comparative Analysis of Standardized Meth-
ods for Individualizing Interval Interventions. Journal of Sports
Science & Medicine 22(4), 760-768.
https://doi.org/10.52082/jssm.2023.760.

Dolci, F., Hart, N. H., Kilding, A. E., Chivers, P., Piggott, B. and Spiteri,
T. (2020) Physical and energetic demand of soccer: a brief re-
view. Strength and Conditioning Journal 42(3), 70-77.
https://doi.org/10.1519/SSC.0000000000000533

Ducrocq, G. P., Hureau, T. J., Meste, O. and Blain, G. M. (2020) Similar
cardioventilatory but greater neuromuscular stimuli with interval
drop jump than with interval running. In International Journal of
Sports Physiology and Performance 15(3), 330-339.
https://doi.org/10.1123/ijspp.2019-0031

Estes, R. R., Malinowski, A. M. Y., Piacentini, M., Thrush, D., Salley, E.,
Losey, C. and Hayes, E. (2017) The effect of high intensity in-
terval run training on cross-sectional area of the vastus lateralis
in untrained college students. International Journal of Exercise
Science 10(1), 137.

Fereshtian, S., Sheykhlouvand, M., Forbes, S., Agha-Alinejad, H. and
Gharaat, M. (2017) Physiological and performance responses to
high-intensity interval training in female inline speed skaters.
Apunts. Medicina de I’Esport 52, 131-138.
https://doi.org/10.1016/j.apunts.2017.06.003

Gharaat, M. A., Sheykhlouvand, M. and Eidi, L. A. (2020) Performance
and recovery: effects of caffeine on a 2000-m rowing ergometer.
Sport Sciences for Health 16, 531-542.
https://doi.org/10.1007/s11332-020-00643-5

Hopkins, W.G., Marshall, S.W., Batterham, A.M. and Hanin, J. (2009)
Progressive statistics for studies in sports medicine and exercise
science. Medicine and Science in Sports and Exercise 41(1), 3-
13. https://doi.org/10.1249/MSS.0b013e31818cb278

Julian, V., Thivel, D., Costes, F., Touron, J., Pereira, B., Duclos, M. and
Richard, R. (2018) Eccentric training improves body composi-
tion by inducing mechanical and metabolic adaptations: a prom-
ising approach for overweight and obese individuals. Frontiers
in Physiology 9, 352104.
https://doi.org/10.3389/fphys.2018.01013

Kons, R. L., Orssatto, L. B., Ache-Dias, J., De Pauw, K., Meeusen, R.,
Trajano, G. S. and Detanico, D. (2023) Effects of plyometric
training on physical performance: An umbrella review. Sports
Medicine-Open 9(1), 4. https://doi.org/10.1186/340798-022-
00550-8

Krustrup, P., Mohr, M., Amstrup, T., Rysgaard, T., Johansen, J., Steens-
berg, A., Pedersen, P. and Jens, B. (2003) The yo-yo intermittent
recovery test: physiological response, reliability, and validity.
Medicine and Science in Sports and Exercise 35, 697-705.
https://doi.org/10.1249/01.MSS.0000058441.94520.32

Kunz, P., Engel, F.A., Holmberg, H.S. and Sperlich, B. (2019) A meta-
comparison of the effects of high-intensity interval training to
those of small-side games and other training protocols on param-
eters related to the physiology and performance of youth soccer
players. Sports Medicine-Open 5, 1-13. 10.1186/s40798-019-
0180-5

Langley, J.G. and Chetlin, R.D. (2017) Test re-test reliability of four ver-
sions of the 3-cone test in non-athletic men. Journal of Sports
Science and Medicine 16, 44-52.
https://pubmed.ncbi.nlm.nih.gov/28344450/

LaStayo, P. C., Pierotti, D. J., Pifer, J., Hoppeler, H. and Lindstedt, S. L.
(2000) Eccentric ergometry: increases in locomotor muscle size
and strength at low training intensities. American Journal of



Yang et al.

535

Physiology-Regulatory, Integrative and Comparative Physiol-
ogy 278(5), 1282-1288.
https://doi.org/10.1152/ajpregu.2000.278.5.R 1282

Laursen, P.B. and Buchheit, M. (2019) Science and Application of High-
Intensity Interval Training, 1st Edn, Champaign: Human Kinet-
ics. https://doi.org/10.5040/9781492595830

Lewis, E. J., Stucky, F., Radonic, P. W., Metherel, A. H., Wolever, T. M.
and Wells, G. D. (2017) Neuromuscular adaptations to sprint in-
terval training and the effect of mammalian omega-3 fatty acid
supplementation. European Journal of Applied Physiology 117,
469-482. https://doi.org/10.1007/s00421-017-3539-7

Ma, D., Silva, R. M., Xu, Q., Wang, K. and Zhao, Z. (2024) Jumping
interval training: An effective training method for enhancing an-
aerobic, aerobic and jumping performance in aerobic gymnas-
tics. Journal of Sports Science and Medicine 23(2), 410-417.
https://doi.org/10.52082/jssm.2024.410

Masuda, K., Kikuhara, N., Demura, S., Katsuta, S. and Yamanaka, K.
(2005) Relationship between muscle strength in various isoki-
netic movements and kick performance among soccer play-
ers. Journal of Sports Medicine and Physical Fitness, 45(1), 44-
52.

McConnell, A. (2013) Respiratory Muscle Training; Theory and Prac-
tice. 1** Edition., Champaign, IL: Elsevier.
https://doi.org/10.1016/B978-0-7020-5020-6.09997-0

Meyer, K., Steiner, R., Lastayo, P., Lippuner, K., Allemann, Y., Eberli, F.
and Hoppeler, H. (2003) Eccentric exercise in coronary patients:
central hemodynamic and metabolic responses. Medicine and
Science in Sports and Exercise 35(7), 1076-1082.
https://doi.org/10.1249/01.MSS.0000074580.79648.9D

Miller, M.G., Herniman, T.J., Ricard, M.D., Cheatham, C.C. and Michael,
T.J. (2006) The effects of a 6-week plyometric training program
on agility. Journal of Sport Science and Medicine 5, 459-465.
https://pubmed.ncbi.nlm.nih.gov/24353464

Mohr, M., Ermidis, G., Jamurtas, A.Z., Vigh-Larsen, J.F., Poulios, A.,
Draganidis, D., Papanikolaou, K., Tsimeas, P., Batsilas, D.,
Loules, G. and Batrakoulis, A. (2023) Extended match time ex-
acerbates fatigue and impacts physiological responses in male
soccer players. Medicine and Science in Sports and Exercise
55(1), 80-90. https://doi.org/10.1249/MSS.0000000000003021.

Moran, J., Blagrove, R.C., Drury, B., Fernandes, J.F., Paxton, K., Chaa-
bane, H. and Ramirez-Campillo, R. (2019) Effects of small-sided
games vs. conventional endurance training on endurance perfor-
mance in male youth soccer players: A meta-analytical compar-
ison. Sports Medicine 49, 731-742.
https://doi.org/10.1007/s40279-019-01086-w

Nikolaidis, M. G., Jamurtas, A. Z., Paschalis, V., Fatouros, 1. G.,
Koutedakis, Y. and Kouretas, D. (2008) The effect of muscle-
damaging exercise on blood and skeletal muscle oxidative stress:
magnitude and time-course considerations. Sports Medicine 38,
579-606. https://doi.org/10.2165/00007256-200838070-00005

Nyberg, M., Fiorenza, M., Lund, A., Christensen, M., Remer, T., Piil, P.,
Hostrup, M., Christensen, P.M., Holbek, S., Ravnholt, T. and
Gunnarsson, T.P. (2016) Adaptations to speed endurance train-
ing in highly trained soccer players. Medicine and Science in
Sports and Exercise 48(7), 1355-1364.
https://doi.org/10.1249/MSS.0000000000000900.

Penailillo, L., Blazevich, A., Numazawa, H., and Nosaka K. (2015) Rate
of force development as a measure of muscle damage. Scandina-
vian Journal of Medicine and Science in Sports 25(3), 417-427.
https://doi.org/10.1111/sms.12241.

Ramirez-Campillo, R., Alvarez, C., Gentil, P., Moran, J., Garcia-Pinillos,
F., Alonso-Martinez, A. M. and Izquierdo, M. (2018) Inter-indi-
vidual variability in responses to 7 weeks of plyometric jump
training in male youth soccer players. Frontiers in Physiology 9,
1156. https://doi.org/10.3389/fphys.2018.01156

Ramirez-Campillo, R., Andrade, D.C., Alvarez, C., Henriquez-Olguin,
C., Martinez, C., Baez-SanMartin, E., Silva-Urra, J., Burgos, C.
and Izquierdo, M. (2014) The effects of interset rest on adapta-
tion to 7 weeks of explosive training in young soccer players.
Journal of Sports Science and Medicine 13, 287-296. https://pub-
med.ncbi.nlm.nih.gov/24790481/

Ramirez-Campillo, R., Gallardo, F., Henriquez-Olguin, C., Meylan, C.
M., Martinez, C., Alvarez, C. and Izquierdo, M. (2015) Effect of
vertical, horizontal, and combined plyometric training on explo-
sive, balance, and endurance performance of young soccer play-
ers. The Journal of Strength and Conditioning Research 29(7),
1784-1795. https://doi.org/10.1519/JSC.0000000000000827

Ramirez-Campillo, R., Moran, J., Oliver, J.L., Pedley, J.S., Lloyd, R.S.
and Granacher, U. (2022) Programming plyometric-jump train-
ing in soccer: a review. Sports 10(6), 94.
https://doi.org/10.3390/sports 10060094

Rampinini, E., Bosio, A., Ferraresi, 1., Petruolo, A., Morelli, A. and Sassi,
A. (2011) Match-related fatigue in soccer players. Medicine and
Science in Sports and Exercise 43(11), 2161-2170.
https://doi.org/10.1249/MSS.0b013e31821e9c5c.

Rasouli Mojez, M., Gaeini, A. A., Choobineh, S., and Sheykhlouvand, M.
(2021) Hippocampal oxidative stress induced by radiofrequency
electromagnetic radiation and the neuroprotective effects of aer-
obic exercise in rats: a randomized control trial. Journal of Phys-
ical Activity and Health 18(12), 1532-1538.
https://doi.org/10.1123/jpah.2021-0213

Sedano, S., Matheu, A., Redondo, J. C. and Cuadrado, G. (2011) Effects
of plyometric training on explosive strength, acceleration capac-
ity and kicking speed in young elite soccer players. Journal of
sports medicine and physical fitness 51(1), 50.

Seitz, L.B., Reyes, A., Tran, T.T., de Villarreal, E.S. and Haff, G.G.
(2014) Increases in lower-body strength transfer positively to
sprint performance: a systematic review with meta-analy-
sis. Sports Medicine 44, 1693-1702.
https://doi.org/10.1007/s40279-014-0227-1

Sheykhlouvand, M., Gharaat, M., Khalili, E. and Agha-Alinejad, H.
(2016) The effect of high-intensity interval training on ventila-
tory threshold and aerobic power in well-trained canoe polo ath-
letes. Science and Sports 31, 283-289.
https://doi.org/10.1016/j.scisp0.2016.02.007

Sheykhlouvand, M., Khalili, E., Gharaat, M., Arazi, H., Khalafi, M. and
Tarverdizadeh, B. (2018a) Practical model of low-volume pad-
dling-based sprint interval training improves aerobic and anaer-
obic performances in professional female canoe polo athletes.
Journal of Strength and Conditioning Research 32(8), 2375-
2382. https://doi.org/10.1519/JSC.0000000000002152

Sheykhlouvand, M., Gharaat, M., Khalili, E., Agha-Alinejad, H., Rah-
maninia, F. and Arazi, H. (2018b) Low-volume high-intensity
interval versus continuous endurance training: Effects on hema-
tological and cardiorespiratory system adaptations in profes-
sional canoe polo athletes. The Journal of Strength & Condition-
ing Research 32(7), 1852-1860.
https://doi.org/10.1519/JSC.0000000000002112

Sheykhlouvand, M., Arazi, H., Astorino, T.A. and Suzuki K. (2022) Ef-
fects of a New Form of Resistance-Type High-Intensity Interval
Training on Cardiac Structure, Hemodynamics, and Physiologi-
cal and Performance Adaptations in Well-Trained Kayak Sprint
Athletes. Frontiers in Physiology 13, 850768.
https://doi.org/10.3389/fphys.2022.850768

Sheykhlouvand, M. and Gharaat, M. (2024) Optimal homeostatic stress
to maximize the homogeneity of adaptations to interval interven-
tions in soccer players. Frontiers in Physiology 15.
https://doi.org/10.3389/fphys.2024.1377552

Song, T. and Deng, Y. (2023) Physiological and biochemical adaptations
to a sport-specific sprint interval training in male basketball ath-
letes. Journal of Sports Science and Medicine 22, 605-613.
https://doi.org/10.52082/jssm.2023.605

Stojmenovi¢, D. and Stojmenovi¢, T. (2023) Physiological parameters of
professional football players in teams of various levels. Peda-
gogy of Physical Culture and Sports 27(5), 361-367.
https://doi.org/10.15561/26649837.2023.0502

Stelen, T., Chamari, K., Castagna, C. and Wisleff, U. (2005) Physiology
of soccer: an update. Sports Medicine 35, 501-536.
https://doi.org/10.2165/00007256-200535060-00004

Strudwick, T. (2016) Soccer science. Champaign: Human Kinetics.

Touron, J., Costes, F. and Coudeyre, E. (2021) Aerobic metabolic adap-
tations in endurance eccentric exercise and training: from whole
body to mitochondria. Frontiers in Physiology 11, 596351.
https://doi.org/10.3389/fphys.2020.596351

Venegas-Carro, M., Herring, J. T., Riehle, S. and Kramer, A. (2023)
Jumping vs. running: Effects of exercise modality on aerobic ca-
pacity and neuromuscular performance after a six-week high-in-
tensity interval training. Plos One 18(2), ¢0281737.
https://doi.org/10.1371/journal.pone.0281737

Wahl, P., Giildner, M. and Mester J. (2014) Effects and sustainability of
a 13-day high-intensity shock microcycle in soccer. Journal of
Sports Science and Medicine 13, 259-265.
https://pubmed.ncbi.nlm.nih.gov/24790477



536

PT vs. SIT in soccer players

Wong, P. L., Chaouachi, A., Chamari, K., Dellal, A. and Wisloff, U.
(2010) Effect of preseason concurrent muscular strength and
high-intensity interval training in professional soccer play-
ers. Journal of Strength and Conditioning Research 24(3), 653-
660. https://doi.org/10.1519/JSC.0b013e3181aa36a2

Key points

e Both PT and SIT are suitable training approaches for en-
hancing cardiorespiratory fitness, anaerobic power, and bio-
motor abilities in soccer players.

e PT results in greater gains in vertical jump, anaerobic
power, linear sprint speed and COD ability than SIT.

e Both interventions could be used to enhance the mentioned
qualities in this study by considering the priority of the in-
terventions’ objectives.
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