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Abstract: Background: Speed training with resisted sprints has been shown to positively
affect neuromuscular performance in soccer players. Various loads, ranging from 10% to
120% of body mass, have demonstrated performance improvements across the spectrum.
However, the impact of sprint distance with optimal load on these adaptive responses has
yet to be thoroughly described. Objective. To analyze the influence of sprint distance in
resisted sprints on muscle performance in young soccer players. Methods. This quantitative
study utilized a pre-post experimental design. The sample consisted of 24 young soccer
players (15.3 & 0.68 years; 61.4 4= 7.08 kg; 1.60 &= 0.06 m) randomized into three groups
(10, 20, and 30 m) and subjected to 12 sessions of resisted sprint training over six weeks.
The volume was homogenized across groups, with a total distance of 120 m for each. The
intervention’s effect was analyzed through performance in the isometric mid-thigh pull
(IMTP), countermovement jump (CM]J), modified 505 agility test (505 m), and linear sprint
tests. Differences were analyzed using a mixed ANOVA, incorporating a between-subjects
factor (training group) and a within-subjects factor (pre- and post-intervention). Results.
Time-dependent differences were observed in all groups for peak force (PF) (p < 0.001;
1%p = 0.62), time to PF (TPF) (p < 0.001; n?p = 0.53), impulse at 50 (p < 0.001; n?p = 0.57),
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100 (p < 0.001; n%p = 0.60), and 200 ms (p < 0.001; n’*p = 0.67) in IMTP; jump height by
impulse-momentum (p < 0.001; nzp = (0.64), rate of force development (p = 0.04; nzp =0.14),
yielding impulse (p < 0.001; n?p = 0.49), and concentric impulse (p = 0.01; n?p = 0.19) in
CM]J; time (p < 0.001; nzp = 0.46) in 505 m; and average speed in linear sprint (p = 0.003;
n%p = 0.36), with moderate to large effect sizes, regardless of the distance covered. No
differences were observed for the interaction between the time* and group or between
groups. Conclusion. Performance improvements were independent of the sprint distance,
with no differences between training groups. Distances between 10 and 30 m may enhance
muscle performance in young soccer players.

Keywords: resistance training; muscle strength; football; physical fitness; puberty players

1. Introduction

Soccer alternates between high- and low-intensity actions, where strength and power
expression are key factors in high-intensity player performance. High-intensity actions,
such as sprints, accelerations, decelerations, and changes of direction (COD) [1-4], play
a key role in goal-related situations, with linear sprinting being decisive in over 60% of
assists and goals scored by players [5]. Most sprints in soccer occur over short distances
(0 to 30 m) [6,7], making acceleration development crucial. Regarding COD, these actions
are among the most prevalent in a match, with approximately 700 efforts per game [1].
Accordingly, COD is essential for evading opponents and gaining advantageous positions.
Additionally, COD is an implicit skill in agility, including acceleration, deceleration, and
decision-making situations [8], highlighting its importance for performance development.

Concerning the methods to develop this quality, they can be divided into three sub-
groups according to task specificity [9]: (a) Primary methods, which are based on sprint-
specific actions; (b) Secondary methods, which also focus on sprint patterns but incorporate
overload or underload conditions; and (c) Tertiary methods, characterized by the inclusion
of non-sprint-specific actions, such as plyometrics or resistance training. Speed train-
ing with resisted running (secondary methods) has proven effective for soccer players of
different ages and genders [10-12]. Various devices and force vectors have been experi-
mented with in this context [13], with sled running being an effective method for increasing
acceleration capacity [14,15]. This type of intervention also reports improvements in a
wide range of related actions, such as changes of direction, jump height (S]-CM]), average
power, and propulsive average power [11,16,17]. It is important to highlight that these
capacities undergo accelerated development in tandem with the processes of biological
maturation [3]. Moreover, manipulating the external training load’s variables is crucial for
achieving performance improvements [18].

The dosing of resisted sprint loads ranges from 10% to 120% of body mass. Perfor-
mance improvements have been reported across the spectrum [17,19-21]. These studies
have shown that this dosing increases maximal power and speed over 5 and 30 m. It also
optimizes the horizontal force-velocity profile. Theoretically, training with a resisted-sled
load that induces a ~50% decrement in maximum velocity (i.e., optimal load) increases
the ability to produce maximal power output. It also leads to a practical increase in the
ability to transfer force throughout the sprinting phases. This results in an increase in both
force and velocity capacities [22]. Runs of up to 30 m are key for promoting acceleration
development, as this phase predominantly occurs within that distance [23]. Finally, factors
such as the athletes’ training status and the manipulation of the training load can influence
the achievement of optimal adaptations [14].
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Heavy loads, ranging from 75-112% of body weight (BW), improve the expression of
the mechanical components of sprinting (force, velocity, and maximal power). These results
persist residually, lasting even after four weeks without specific intervention [17]. However,
there is evidence pointing to the detrimental effect of loads that reduce maximal sprint
speed by more than 30%, as they can negatively impact running technique [9]. This is an
important consideration for physical conditioning coaches. Similarly, both heavy and light
loads enhance performance in early and late acceleration phases [24]. These improvements
are evident in within-group comparisons. However, their effectiveness over sprint training
without resistance remains inconclusive [25,26].

Regarding the effects on other explosive actions, it has been shown that resisted
sprints with 30% body weight loads do not improve change-of-direction performance, nor
vertical jump height [27]. It has been proposed that the inclusion of combined strength
stimuli in both the vertical and horizontal planes would be more suitable for improving
this expression of performance [28]. Methodological guidelines suggest that programming
based on velocity loss percentages may be more suitable for improving acceleration [24].

Despite these findings, no studies have incorporated the manipulation of sprint dis-
tance as an independent variable to verify its influence on neuromuscular performance
improvements. Therefore, the present study aims to analyze the influence of different
resisted sprint distances on neuromuscular performance in young soccer players. The
research hypothesis proposes that certain distances maximize muscular adaptations during
high-intensity efforts.

2. Materials and Methods
2.1. Experimental Approach to the Problem

The study was conducted with young male soccer players from a professional Chilean
club. The training program was executed over nine weeks (see Figure 1) between March
and June during the competitive season. Week 1 was dedicated to familiarization, dur-
ing which two sessions of sled drags with loads of 10% and 20% of body mass were
performed. During this period, mass and height were evaluated using a scale (SECA
model 803) and a stadiometer (SECA model 213) with an accuracy of 0.1 kg and 0.1 m,
respectively. Subsequently, assessments were conducted before and after (weeks two and
nine) the 12 sessions of resisted sprint training. The evaluations were performed over
two days, with 48 h between them: Day 1 included (a) measurements of height and mass,
(b) an isometric mid-thigh pull, and (c) a countermovement vertical jump; Day 2 included
(a) a 30 m linear sprint and (b) a change of direction (m505). After the initial assessments,
subjects were randomized into three groups, each with different sprint distances: G10m
(10 m—n = 8), G20m (20 m—n = 7), and G30m (30 m—n = 9), using Excel’s RAND()
function for random assignment. Between weeks 3 and 8, 12 sessions of resisted sprints
with differential distances and optimal load were applied. The optimal load is defined
as reducing maximum speed by 50%. This load magnitude maximizes horizontal power
production [29]. The sessions were supervised by the study’s principal investigator and
the team coaches. All procedures were conducted at the club’s outdoor facilities, with a
temperature range of 17° to 20 °C.
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Resisted Sprint Training

Figure 1. Experimental design. Temporal sequence of resisted sprint training protocol. Total volume:
nine weeks (Week 1 = familiarization; Week 2 and 9 = pre- and post-test, respectively; Week 3 to 8
= resisted sprint training). IMTP: Isometric mid-thigh pull; CM]J: Countermovement jump; COD:
Change of direction; D: Day.

2.2. Participants

Twenty-four young male soccer players (15.9 &+ 0.69 years; 61.4 £ 7.08 kg; 1.69 £ 0.06 m)
from the 515 and 516 categories of a professional Chilean soccer club voluntarily participated
in the study. Participants were selected through convenience sampling. All players had a
weekly training frequency of six sessions, including the official competition. At the start of
the intervention, they were informed about the benefits and potential risks of the research.
They expressed their willingness to participate by signing informed assent and consent forms,
signed by their parents or legal guardians. The study was conducted according to the ethical
standards for research involving humans, as stated in the Declaration of Helsinki. It was
approved by the Ethics Committee of Adventist University of Chile, Chillan, Chile (resolution
2023-07, Acta No. 2023-04, and vote No. 2023-08).

2.3. Procedures
2.3.1. Performance Tests
Isometric Mid-Thigh Pull (IMTP)

The IMTP test was conducted on day one of weeks two and nine (see Figure 1). The
procedure for the test execution aligns with previously described methods [30]. Specific
activation included three attempts of IMTP at 50%, 75%, and 90% of perceived effort, with
a one-minute rest between them. Following this, three maximal attempts were performed
with the instruction, “Push your feet into the ground as quickly and forcefully as possible.”
Each attempt lasted eight seconds, with the first three seconds for preparation and the
remaining five seconds for effort. The rest period between attempts was two minutes.
Data were recorded using force plates (PASPORT force plate, PS-2141, PASCO Scientific,
Roseville, CA, USA) via SPARKvue software (version 4.6.1, Roseville, CA, USA), then
exported to an Excel spreadsheet (version 16, Microsoft, Redmond, WA, USA) and finally
processed in Matlab (version 9.6, Natick, MA, USA). The onset of both tests was estimated
using a five-standard-deviation change in the force-time curve [31]. Analyzed variables
included absolute peak force (IPF) and impulse at 50, 100, and 200 ms.

Countermovement Vertical Jump (CM])

The CM]J test was conducted on day one of weeks two and nine (see Figure 1). After
a specific activation of five submaximal jumps, players performed three maximal CM]
attempts with a two-minute rest between them. The depth of the descent was self-selected
for comfort. Players were instructed to jump “as quickly and as high as possible” [32]. The
jumps were performed with hands fixed on the hips. Data were recorded using force plates
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(PASPORT force plate, PS-2141, PASCO Scientific, Roseville, CA, USA) via SPARKvue
software (version 4.6.1, Roseville, CA, USA), then exported to an Excel spreadsheet (version
16, Microsoft, Redmond, WA, USA) and finally processed in Matlab (version 9.6, Natick,
MA, USA). Analyzed variables included jump height (JH) calculated through impulse
momentum, rate of power development (RDP), yielding impulse (IY), braking impulse (IB),
and concentric impulse (IC).

Linear Sprint

Speed tests were conducted on day two of weeks two and nine (see Figure 1). Warm-
up was supervised by the club’s physical trainer, consisting of joint mobility and dynamic
stretches, followed by low-intensity aerobic running and three progressive sprints per-
formed at up to 95% of perceived effort. Players performed two 30 m sprints with a
three-minute recovery between attempts. Verbal encouragement was given to ensure
maximal voluntary effort. The average speed of the best attempt was recorded using
photoelectric cells (Chronojump software, version 2.3.0-79, Barcelona, Spain).

Change of Direction (COD)

The modified 505 test (505 m) [33] was conducted during the second session of weeks
two and nine. One trial was performed to familiarize individuals with the execution
dynamics. Two photoelectric barriers (Chronojump software, version 2.3.0-79, Barcelona,
Spain) were placed, with a marker on the floor half a meter away from them. From this
point, participants were instructed to run as quickly as possible for 5 m, turn 180°, and
return to the start. Three attempts were performed, with participants changing direction
with the right leg [34]. The best recorded time was used for analysis.

Optimal Load

Optimal load determination for sled dragging was conducted on the third day of the
familiarization week (see Figure 1). To individualize the load magnitude, participants per-
formed sprints with progressive loads (0%, 25%, 50%, and 75% of body mass) over 30 m for
each attempt. The optimal load reduces speed by 50% compared to an unloaded sprint [35].
Calculations followed the procedure described by Romero-Franco et al. (2017) [36] using
the MySprint® application (version 2.1.0). Video recordings were made with an 8th genera-
tion iPad (Apple, Inc., Cupertino, CA, USA) placed perpendicular to the running surface,
10 m away, on a tripod at a height of 1.5 m. Six markers were placed at 5, 10, 15, 20, 25, and
30 m, with necessary parallelism corrections. Participants were encouraged to run as fast
as the load allowed.

Training Protocol

Before each session, the team’s physical trainer conducted a standardized 10-min gen-
eral warm-up. This included moderate-intensity linear running and changes of direction,
bodyweight strength exercises such as squats and lunges, and dynamic flexibility drills.
Players in the G10m, G20m, and G30m groups completed an equalized volume of 120 m
of sled dragging with optimal load in each session. The repetition dosing was as follows:
G10m: 12 repetitions, G20m: six repetitions, G30m, four repetitions. A two-minute recovery
period was provided between attempts (see Figure 2).
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Six weeks

L.

L 10 m | | 20m | L 30m |
I 1 I 1 I 1
Series: 1 Series: 1 Series: 1
Repetitions: 12 Repetitions: 6 Repetitions: 4

Recovery: 2'
Total distance: 120 m

Recovery: 2'
Total distance: 120 m

Recovery : 2
Total distance : 120 m

Figure 2. Design protocol resisted sprints, typical week. Duration: six weeks, weekly frequency: two
sessions. G1: Experimental group 10 m; G2: Experimental group 20 m; G3: Experimental group 30 m.

Statistical Analysis

Data normality was assessed using the Shapiro-Wilk test, and variance homogeneity
was checked using the Levene test. Differences were analyzed with a mixed ANOVA,
incorporating a between-subjects factor (training group) and a within-subjects factor (pre-
and post-intervention). Partial eta squared (n?p) was calculated to determine the effect
sizes, providing a measure of the proportion of variance explained by each factor and
their interaction. Effect sizes and percentage changes were also calculated. For effect
sizes, Cohen’s d was used, with the following qualitative thresholds: trivial (<0.2), small
(0.21-0.6), moderate (0.61-1.2), large (1.21-2), and very large (2.1-4) [37]. Percentage
changes were calculated as described by Merino-Muiioz et al. (2020) [38]. Analyses
were conducted using Microsoft Excel and IBM SPSS Statistics for Windows, version 29.0.
Armonk, NY, USA: IBM Corp.

3. Results
3.1. Isometric Strength

The results for peak force (PF), time to peak force (TPF), impulse at 50 ms (I50), impulse
at 100 ms (1100), and impulse at 200 ms (1200) are presented. All variables showed changes
over time, irrespective of the training group (Table 1). No significant differences were found
between groups when comparing pre- and post-intervention data (Table 1). However,
differences were observed between groups for PF (p = 0.03; n?p = 0.26). Effect sizes for PF
ranged from trivial to small, while TPF showed moderate effect sizes, and 150, 1100, and
1200 had small effect sizes. All groups demonstrated percentage changes associated with
improved performance.

Table 1. Pre- and post-test scores (Mean [SD]), Effect Size, and Percentage of Change in Isometric
Mid-thigh Pull Performance.

Post Time Time and Group Group
ES PC (%)
Group Mean SD Mean SD P n2p P n2%p 4 n%p
10m 1660 310 1713 325 0.17 3.19
PF (N) 20 m 1441 185 1472 177 0.18 2.20 <0.001 0.62 0.30 0.12 0.03 0.26
30m 1836 121 1888 133 0.42 2.89
TPF 10 m 2.85 1.32 1.77 0.84 0.97 —37.75
(ms) 20 m 2.49 1.17 1.68 1.37 0.64 —32.53 <0.001 0.53 0.81 0.03 0.48 0.08
30 m 2.06 1.13 1.38 1.07 0.62 —32.83
Impulse 10 m 40.81 8.77 43.8 11.2 0.30 7.44
50 ms 20m 34.67 5.51 36.2 5.80 0.27 4.44 <0.001 0.57 0.58 0.07 0.17 0.16
(N-kg) 30m 4225 5.14 44.6 5.98 0.42 5.49
Impulse 10 m 89.32 20.30 98.1 27.3 0.37 9.87
100 ms 20 m 74.74 11.70 78.9 12.1 0.35 5.60 <0.001 0.60 0.30 0.12 0.15 0.16
(N-kg) 30m 92.87 13.38 99.7 15.1 0.47 7.29
Impulse 10 m 209 50.38 227.5 61.5 0.34 9.19
200 ms 20m 171 27.23 182 253 0.40 6.15 <0.001 0.67 0.21 0.14 0.11 0.19
(N-kg) 30 m 217 35.80 235 36.9 0.49 8.17

PF: Peak force; TPF: Time of peak force; ES: Effect size; PC: Percent of change.
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3.2. Vertical Jump

The results for jump height (JH), rate of force development (RFD), impulse at take-
off (ID), yielding impulse (IY), braking impulse (IB), and concentric impulse (IC) are
presented. All variables exhibited changes over time, regardless of the training group
(Table 2). No significant differences were found between groups when comparing pre- and
post-intervention data (Table 2). Similarly, there were no differences between groups. Effect
sizes varied from trivial to moderate for JH, trivial to small for RFD, small to moderate for
ID, trivial to moderate for IY, and trivial to small for IB and IC. All groups demonstrated
percentage changes associated with improved performance, except for the 10 m group in
IB (—0.84%) and the 20 m group in IC (—0.42%).

Table 2. Pre- and post-test scores (Mean [SD]), Effect Size, and Percentage of Change in Vertical Jump

Performance.
Post Time Time and Group Group
ES PC (%)
Group Mean SD Mean SD r n2p P n%p r n%p
10 m 033 0.03 036 0.05 0.69 9.09
JH (m) 20m 032 0.05 033 0.06 0.2 3.13 <0.001 0.64 0.17 0.16 0.92 0.01
30m 033 0.05 035 0.06 041 6.06
RPD 10m 307 104.8 312 93.6 0.04 138
W/5) 20m 292 94.2 324 131.7 0.28 11.02 0.041 0137 0.659 0.053 0.292 0.119
30m 248 419 266 324 0.48 7.27
D 10 m 39.4 11.7 434 13.6 031 10.16
(N-kg) 20m 321 54 39.3 11.0 0.82 22.22 0.003 0.27 0.791 0.035 0.253 0.129
i 30m 420 8.2 48.4 10.7 0.67 15.34
v 10 m 36.4 10.8 483 12.6 1.01 32.65
(N-kg) 20m 39.3 12.3 40.0 10.7 0.06 1.82 <0.001 0.492 0.009 0.327 0.184 0.151
6 30m 45.7 8.4 50.3 107 048 10.22
B 10m 743 18.1 73.6 13.7 0.04 —0.84
(N-kg) 20m 57.9 12.8 63.9 267 0.29 10.37 0.235 0.048 0.792 0.035 0.067 0215
8 30m 79.3 21.6 89.9 16.7 055 13.31
c 10 m 155 23.9 161 21.6 0.24 3.46
(N-kg) 20m 135 17.1 134 16.5 0.03 —0.42 0.014 0.19 0.443 0.087 0.04 0.246
& 30m 160 139 165 125 0.39 3.19
JH: Jump height; RPD: Rate power development; ID: Impulse discharge; IY: Yielding impulse; IB: Braking impulse;
IC: Concentric impulse; ES: Effect size; PC: Percent of change.
3.3. Change of Direction
Performance in the change of direction (COD) test showed improvements over time
(p < 0.001, n?p = 0.46), regardless of the training group (p = 0.36, n?p = 0.10). No significant
differences were found between groups when comparing pre- and post-intervention data
(Table 3). Effect sizes ranged from small to moderate (ES = 0.44 to 0.90) across the groups.
All groups demonstrated percentage changes associated with improved performance.
Table 3. Pre- and post-test scores (Mean [SD]), Effect Size, and Percentage of Change in COD
Performance.
Post Time Time and Group Group
ES PC (%)
Group Mean SD Mean SD p n%p P n2%p % n%p
10m 258 0.12 247 0.16 0.75 —416
Time(s)  20m 254 0.10 241 0.17 0.9 —5.00 <0.001 0.46 036 01 0.54 0.07
30m 257 0.11 252 0.10 0.44 —1.84

ES: Effect size; PC: Percent of change.

3.4. Linear Sprint

Average speed improved over time (p = 0.003, n?p = 0.36), regardless of the training
group (p = 0.89, n’p = 0.01). No significant differences were observed between groups
when comparing pre- and post-intervention data (p = 0.57, n?p = 0.05). Effect sizes ranged
from small to moderate (ES = 0.37 to 0.62) across the groups (Table 4). All groups showed
percentage changes indicative of performance improvement.
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Table 4. Pre- and post-test scores (Mean [SD]), Effect Size, and Percentage of Change in Sprint

Performance.
Pre Post Time Time and Group Group
ES PC (%)
Group Mean SD Mean SD r n2p r n%p r n2p
Mean 10 m 6.07 0.27 6.17 0.24 0.37 1.61
Speed 20 m 6.08 0.23 6.22 0.21 0.62 2.30 0.003 0.36 0.89 0.01 0.57 0.05
(m/s) 30m 5.97 0.15 6.10 0.25 0.58 2.08

ES: Effect size; PC: Percent of change.

4. Discussion

Resisted sprint training has emerged as an effective method for enhancing the ac-
celeration phase of sprinting [14,15]. Previous studies have reported improvements in
soccer-specific actions such as linear sprints [39], change of direction (COD) [10], and
accelerations [24]. Despite the general agreement on the benefits of this training method,
the influence of sprint distance on adaptive responses remains to be determined. This study
aimed to analyze the impact of different resisted sprint distances on muscular performance
in young soccer players. It was hypothesized that distance would significantly influence
muscular adaptation in high-intensity efforts. The results indicate that adaptations occurred
regardless of the resisted sprint distance, albeit with varying magnitudes.

Our findings indicate an improvement in change of direction (COD) performance for
all sprint distances. These results are consistent with previous research. Gil et al. (2018) [11]
implemented a resisted and unloaded sprint training protocol with adult soccer players
over six weeks, using a load that reduced maximum speed by 10%. They observed a 6.1%
improvement in COD performance time, although there were no significant differences
compared to the unloaded group. Their protocol also included overloaded jumps (60%
BM), which makes it difficult to attribute the improvements solely to resisted training.
Additionally, they used a device that did not allow for sprints at distances suitable for the
development of acceleration and maximum speed (7 m linear sprint), limiting the ability to
evaluate the influence of sprint distance on performance. In our case, the strength stimulus
was limited exclusively to sled drags, with no other specific strength exercises included,
and only the technical-tactical sessions corresponding to the planned training for those days
were added. Similarly, Pareja-Blanco et al. (2019) [40] designed a protocol with five training
groups, based on resisted sprints with high and low loads (LST—12.5% BM and HST—80%
BM, respectively), as well as resisted sprints with high and low loads combined with vertical
jumps with overload (LST + SQ and HST + SQ, respectively), and a group performing
jumps with overload (SQ). Their findings showed that only LST + SQ, HST + SQ, and LST
improved COD performance. Consistent with our results, improvements in COD were
observed without the need to add an extra stimulus, with the caveat that the sled load was
on average higher than the one described in Gil et al.’s study. A possible explanation for
this phenomenon could be found in the lower level of expertise of the study subjects, which
increases the responsiveness regardless of the magnitude of the stimulus.

Recently, Loturco et al. (2024) [27] have questioned the effectiveness of resisted
sprints as a strategy to optimize high-intensity actions in young soccer players. In their
study, two training protocols were designed: one based on squat jumps and another on
resisted runs with a load equivalent to 30% of body mass. The results indicated significant
improvements in vertical jump height only in the group that performed squat jumps, while
the resisted running group showed no relevant progress in the performance variables
assessed. These findings led the authors to suggest that the inclusion of resisted sprints
at the beginning of the season may be questionable due to the lack of positive effects on
sprint and jump performance.
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One of the key observations by Loturco et al. (2024) [27] concerns the timing of the
season when these training strategies are implemented. Previous studies have reported
performance improvements using resisted sprints, but these interventions were conducted
during the competitive period, suggesting a possible interaction with the specific demands
of that stage. In line with this background, our findings show that applying the training
protocol during the competitive period could explain the observed increases in change
of direction (COD) performance. Therefore, it is plausible that the improvements ob-
tained are influenced by the synergy between the implemented protocol and the demands
of competition.

In this regard, Mainer-Pardos et al. (2024) [28] point out that although resisted sprint
training contributes to improving COD performance, its effects are enhanced when com-
bined with stimuli performed in the vertical plane. However, it is not possible to attribute
the effectiveness of this strategy exclusively to resisted sprints, as the studies reviewed did
not include comparisons with a non-resisted control group; instead, only within-group
comparisons were conducted. Regarding our findings, they could be explained by the
level of expertise of the players included in the sample. Since the participants had limited
prior exposure to this type of training and, therefore, had a greater adaptation reserve, a
relatively low training dose was sufficient to generate improvements in their performance.

The impact of resisted sprint training on linear sprint performance has been well-
documented in the literature [16,21,28]. However, the influence of sprint distance on these
adaptations still needs to be conclusive. Rodriguez-Rosell et al. (2022) [41] implemented
a resisted sprint protocol with five different load magnitudes, ranging from 0 to 80% BM,
over a fixed distance of 20 m. All groups showed speed improvements, ranging from 0.8%
for 80% BM to 1.5% for 40% BM. Similarly, Bachero-Mena & Gonzalez-Badillo (2014) [20]
conducted 14 sessions of resisted sprints with differential loads (5 [LL]-12.5 [ML]-20 [HL]
% BM) over distances between 20 and 35 m over seven weeks with physically active stu-
dents. Results demonstrated improved times over 30 m for all groups, with significant
improvements (p < 0.001) observed in the HL group. The authors noted that high loads
primarily affect the initial meters of the sprint, specifically during the acceleration phase.
Our findings support this assertion, as the G20 group experienced the most significant im-
provement (ES = 0.62; A 3.2%). Comparable results were reported by West et al. (2013) [42],
who conducted 12 sessions of resisted sprints (12.5% BM) with professional rugby players
(n = 20). The largest effect sizes for performance over 10 and 30 m were observed in the
resisted sprint group compared to the unloaded sprint group, with a sprint distance of
20 m, consistent with our findings.

Our findings on the effects of resisted sprints on vertical jump kinematics indicate im-
provements in force production per unit of time and vertical jump height. Previous research
supports these results, with similar protocols showing enhanced performance in these
variables. For instance, Sinclair et al. (2021) [43] demonstrated significant improvements
in vertical jump height following 16 sessions over eight weeks of resisted sprint training
with professional rugby players. Specifically, 20-m sprints with a load of 25.0-26.9% BM
and a total volume of 180 m per session resulted in a 6.5% increase in vertical jump height
(from 40.43 £ 3.87 cm to 43.07 & 4.55 cm). Conversely, results for metrics derived from the
force-time curve are less consistent. Harrison & Bourke (2009) [44] conducted 12 sessions
of resisted sprints over 20 m (~13% BM, 120 m per session), analyzing possible effects
on force-time relationships through vertical jumps without countermovement (SJ). Their
results showed no improvements in the rate of force development (RFD) or the time to
reach the maximum rate of force development (p values of 0.502 and 0.296 for time; 0.738
and 0.245 for time x group, respectively). The absence of a stretch-shortening cycle in
the selected jump gesture may have limited the expression of the adaptation. This could
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explain the lack of improvements in force production per unit of time. However, this
assertion might be challenged by the results of Alcaraz et al. (2012) [45], who also found no
improvements in RFD for countermovement jumps.

Kinetic variables derived from the isometric mid-thigh pull (IMTP) test also showed im-
provements across all three experimental groups. According to our literature review, there
is a lack of evidence regarding the effects of resisted sprint training on these metrics. How-
ever, peak force (PF) measured through static strength tests has demonstrated moderate to
high correlations with various performance expressions. Comfort et al. (2019) [30] reported
moderate to high correlations between PF, as assessed by the IMTP, and performance in
change of direction (COD), 20-m sprints, and countermovement jumps (r = —0.57 to 0.79,
p <0.05 r=—-0.69, p <0.05 r=0.59 to 0.82, p < 0.05, respectively). Given the observed
improvements in these performance variables, it is plausible to infer that the increases in
PF observed across all three groups could be attributed to these overall enhancements in
muscular performance.

To our knowledge, no original studies have specifically examined the influence of
sprint distance on physical performance in any population. From this perspective, our study
is pioneering in its approach, as it evaluates different sprint distances with homogenized
volume and individualized load within the same design. Rumpf et al. (2016) [46] reviewed
the effects of various speed training methods on sprint performance over different distances.
Their conclusions highlighted that resisted sprint training was most effective for improving
performance over distances of 20 m, with greater effectiveness observed as the drag load
increased (over 10% body mass or 10% velocity decrement). An important aspect to
consider is the influence of load magnitude on running mechanics. In this regard, Zabaloy
et al. (2023) [9] warn that loads causing a velocity loss greater than 30% negatively impact
running technique, effectively transforming the sprint into a heavy-loaded march. From this
perspective, such a method could be considered a tertiary approach to sprint development,
akin to strength training with loads close to 1RM. This aspect should be taken into account
by physical conditioning coaches.

One limitation of our study is that we did not control for split times during the 30-m
sprint. This omission prevents us from providing insights into how sprint distance might
influence the acceleration phase of sprinting. Similarly, the limited experience of the selected
sample in high-intensity strength training may have contributed to the observed adaptations.
The literature strongly emphasizes this point, particularly the inverse relationship between the
magnitude of changes and the athletes’ level of expertise. Finally, the inclusion of internal load
markers (e.g., lactate, heart rate, muscle soreness) could contribute to the better understanding
of adaptive responses in young soccer players [47—49].

Overall, our study strengthens the body of evidence supporting the benefits of specific
training strategies for enhancing performance in team sports. In particular, our design
introduces new elements that had not been previously explored: (i) Individualization of the
load based on optimal/high load parameters in developing soccer players, (ii) Comparison
of different sprint distances within the same design, and (iii) Examination of the effects of
resisted sprints on metrics of the force-time curve in both static and dynamic tests.

5. Conclusions

Our findings have significant implications for coaches and trainers working with
young soccer players. We observed performance improvements in vertical jump, isometric
strength, sprinting, and change of direction, regardless of the sprint distance used in re-
sisted sprint training. No significant differences were found based on the sprint distance.
Therefore, our study suggests that sprint distances ranging from 10 to 30 m, with individ-
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ualized loads, could be equally effective for enhancing muscular performance in young
soccer players.

Author Contributions: Conceptualization, EH.-P,, ] EL.-F, E.A-M. and N.G.-A,; methodology,
PM.-M., EH.-P, H.C.-K. and ].P-C.; formal analysis, M.P-J., PM.-M., H.C.-K. and R.Z.; supervision,
E.A.-M., J.EL.-E, C.B. and M.P-J.; resources, EH.-P. and N.G.-A; writing—review and editing, FH.-P,
PM.-M. and E.A.-M. All authors have read and agreed to the published version of the manuscript.

Funding: R.Z. was supported by the Research Center in Physical Activity, Health and Leisure
(CIAFEL), Faculty of Sport, University of Porto (FADEUP), which is part of the Laboratory for
Integrative and Translational Research in Population Health (ITR); both are funded by the Fundacao
Para a Ciéncia e Tecnologia (FCT; grants UIDB/00617 /2020 https:/ /doi.org/10.54499 /UIDB/00
617/2020; UIDP /00617 /2020 https:/ /doi.org/10.54499 /UIDP /00617 /2020 and LA /P /0064 /2020,
respectively).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and was approved by the Scientific Ethical Committee of the Universidad Adventista de
Chile No. 2022-34, and approved on 23 April.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available for research purposes upon request to the corre-
sponding author.

Acknowledgments: The authors give special thanks to Francisca Leyton Campos, Brian Vergara
Otérola, Gabriel Vergara, Sebastian Mufioz, Vicente Gonzalez, Joaquin Mondaca and Nicolds Roque
(R.LP) for recruiting participants and collecting samples.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Doldi, E; Hart, N.H.; Kilding, A.E.; Chivers, P; Piggott, B.; Spiteri, T. Physical and Energetic Demand of Soccer: A Brief Review.
Strength Cond. ]. 2020, 42, 70-77. [CrossRef]

2. Modric, T.; Versic, S.; Sekulic, D.; Liposek, S. Analysis of the Association between Running Performance and Game Performance
Indicators in Professional Soccer Players. Int. J. Environ. Res. Public Health 2019, 16, 4032. [CrossRef]

3. Stelen, T.; Chamari, K.; Castagna, C.; Wisleff, U. Physiology of Soccer An Update. Sport. Med. 2005, 35, 501-536. [CrossRef]
[PubMed]

4. Vigne, G.; Gaudino, C.; Rogowski, I.; Alloatti, G.; Hautier, C. Activity Profile in Elite Italian Soccer Team. Int. J. Sports Med. 2010,
31, 304-310. [CrossRef] [PubMed]

5. Faude, O.; Koch, T.; Meyer, T. Straight Sprinting Is the Most Frequent Action in Goal Situations in Professional Football. J. Sports
Sci. 2012, 30, 625-631. [CrossRef]

6. Chmura, P; Konefal, M.; Chmura, J.; Kowalczuk, E.; Zajac, T.; Rokita, A.; Andrzejewski, M. Match Outcome and Running
Performance in Different Intensity Ranges among Elite Soccer Players. Biol. Sport 2018, 35, 197-203. [CrossRef] [PubMed]

7. DiSalvo, V.; Baron, R.; Gonzélez-Haro, C.; Gormasz, C.; Pigozzi, F.; Bachl, N. Sprinting Analysis of Elite Soccer Players during
European Champions League and UEFA Cup Matches. J. Sports Sci. 2010, 28, 1489-1494. [CrossRef]

8. Bustamante-Garrido, A.; Izquierdo, M.; Miarka, B.; Cuartero-Navarrete, A.; Pérez-Contreras, J.; Aedo-Mufioz, E.; Cerda-Kohler,
H. Mechanical Determinants of Sprinting and Change of Direction in Elite Female Field Hockey Players. Sensors 2023, 23, 7663.
[CrossRef]

9.  Zabaloy, S.; Freitas, T.T.; Pareja-Blanco, F.; Alcaraz, P.E.; Loturco, I. Narrative Review on the Use of Sled Training to Improve
Sprint Performance in Team Sport Athletes. Strength Cond. J. 2023, 45, 13-28. [CrossRef]

10. Carlos-Vivas, J.; Perez-Gomez, ].; Eriksrud, O.; Freitas, T.T.; Marin-Cascales, E.; Alcaraz, P.E. Vertical versus Horizontal Resisted
Sprint Training Applied to Young Soccer Players: Effects on Physical Performance. Int. J. Sports Physiol. Perform. 2020, 15, 748-758.
[CrossRef]

11. Gil, S.; Barroso, R.; Crivoi do Carmo, E.; Loturco, I.; Kobal, R.; Tricoli, V.; Ugrinowitsch, C.; Roschel, H. Effects of Resisted Sprint

Training on Sprinting Ability and Change of Direction Speed in Professional Soccer Players. J. Sports Sci. 2018, 36, 1923-1929.
[CrossRef] [PubMed]


https://doi.org/10.54499/UIDB/00617/2020
https://doi.org/10.54499/UIDB/00617/2020
https://doi.org/10.54499/UIDP/00617/2020
https://doi.org/10.1519/SSC.0000000000000533
https://doi.org/10.3390/ijerph16204032
https://doi.org/10.2165/00007256-200535060-00004
https://www.ncbi.nlm.nih.gov/pubmed/15974635
https://doi.org/10.1055/s-0030-1248320
https://www.ncbi.nlm.nih.gov/pubmed/20301042
https://doi.org/10.1080/02640414.2012.665940
https://doi.org/10.5114/biolsport.2018.74196
https://www.ncbi.nlm.nih.gov/pubmed/30455549
https://doi.org/10.1080/02640414.2010.521166
https://doi.org/10.3390/s23187663
https://doi.org/10.1519/SSC.0000000000000730
https://doi.org/10.1123/ijspp.2019-0355
https://doi.org/10.1080/02640414.2018.1426346
https://www.ncbi.nlm.nih.gov/pubmed/29334309

Sports 2025, 13, 26 12 of 13

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Loturco, I.; Loturco, I.; Loturco, I.; Jeffreys, I.; Kobal, R.; Reis, V.P.; Fernandes, V.; Rossetti, M.; Pereira, L.A.; Pereira, L.A.; et al.
Resisted Sprint Velocity in Female Soccer Players: Influence of Physical Capacities. Int. |. Sports Med. 2020, 41, 391-397. [CrossRef]
[PubMed]

Alcaraz, PE.; Palao, ].M,; Elvira, ].L.L.; Linthorne, N.P. Effects of Three Types of Resisted Sprint Training Devices on the Kinematics
of Sprinting at Maximun Velocity. . Strength Cond. Res. 2008, 22, 890-897. [CrossRef] [PubMed]

Alcaraz, PE.; Carlos-Vivas, J.; Oponjuru, B.O.; Martinez-Rodriguez, A. The Effectiveness of Resisted Sled Training (RST) for
Sprint Performance: A Systematic Review and Meta-Analysis. Sport. Med. 2018, 48, 2143-2165. [CrossRef] [PubMed]

Petrakos, G.; Morin, J.B.; Egan, B. Resisted Sled Sprint Training to Improve Sprint Performance: A Systematic Review. Sport. Med.
2016, 46, 381-400. [CrossRef]

McMorrow, B.J.; Ditroilo, M.; Egan, B. Effect of Heavy Resisted Sled Sprint Training during the Competitive Season on Sprint and
Change-of-Direction Performance in Professional Soccer Players. Int. ]. Sports Physiol. Perform. 2019, 14, 1066-1073. [CrossRef]
Morin, J.B.; Capelo-Ramirez, F.; Rodriguez-Pérez, M.A.; Cross, M.R,; Jimenez-Reyes, P. Individual Adaptation Kinetics Following
Heavy Resisted Sprint Training. J. Strength Cond. Res. 2022, 36, 1158-1161. [CrossRef]

Impellizzeri, EM.; Marcora, S.M.; Coutts, A J. Internal and External Training Load: 15 Years On. Int. |. Sports Physiol. Perform.
2019, 14, 270-273. [CrossRef]

Alcaraz, PE.; Palao, ].M.; Elvira, ].L.L. Determining the Optimal Load for Resisted Sprint. J. Strength Cond. Res. 2009, 23, 480—-485.
[CrossRef]

Bachero-Mena, B.; Gonzélez-Badillo, ].]. Effects of Resisted Sprint Training on Acceleration with Three Different Loads Accounting
for 5,12.5, and 20% of Body Mass. J. Strength Cond. Res. 2014, 28, 2954-2960. [CrossRef]

Morin, J.B.; Petrakos, G.; Jiménez-Reyes, P.; Brown, S.R.; Samozino, P.; Cross, M.R. Very-Heavy Sled Training for Improving
Horizontal-Force Output in Soccer Players. Int. J. Sports Physiol. Perform. 2017, 12, 840-844. [CrossRef] [PubMed]

Cross, M.R.; Samozino, P.; Brown, S.R.; Morin, ].B. A Comparison between the Force-Velocity Relationships of Unloaded and
Sled-Resisted Sprinting: Single vs. Multiple Trial Methods. Eur. J. Appl. Physiol. 2018, 118, 563-571. [CrossRef] [PubMed]
Nagahara, R.; Matsubayashi, T.; Matsuo, A.; Zushi, K. Kinematics of Transition during Human Accelerated Sprinting. Biol. Open
2014, 3, 689-699. [CrossRef] [PubMed]

Ward, C.; Cathain, C.O.; Chéilleachair, N.N.; Grassick, S.; Kelly, D.T. Does Resisted Sprint Training Improve the Sprint Performance
of Field-Based Invasion Team Sport Players? A Systematic Review and Meta-Analysis. Sports Med. 2024, 54, 659—672. [CrossRef]
Aldrich, E.K,; Sullivan, K.; Wingo, J.E.; Esco, M.R.; Richardson, M.T.; Winchester, L.].; Fedewa, M.V. The Effect of Resisted Sprint
Training on Acceleration: A Systematic Review and Meta-Analysis. Int. |. Exerc. Sci. 2024, 17, 986-1002. [PubMed]

Myrvang, S.; van den Tillaar, R. The Longitudinal Effects of Resisted and Assisted Sprint Training on Sprint Kinematics,
Acceleration, and Maximum Velocity: A Systematic Review and Meta-Analysis. Sport. Med.—Open 2024, 10, 110. [CrossRef]
[PubMed]

Loturco, I; Pereira, L.A.; Mercer, V.P,; Oliveira, L.P.; Zanetti, V.; Lima, L.; Bastos, T.; Moura, T.B.M.A.; McGuigan, M.R. Jump Squat
Vs. Resisted Sprint Training Programs Applied to Elite Youth Soccer Players: Effects on Sprint and Power-Related Performance. J.
Strength Cond. Res. 2024, 38, 2107-2113. [CrossRef]

Mainer-Pardos, E.; Mahmoudzadeh Khalili, S.; Villanueva-Guerrero, O.; Clemente, FM.; Nobari, H. The Effects of Resisted Sprint
Training Programs on Vertical Jump, Linear Sprint and Change of Direction Speed in Male Soccer Players: A Systematic Review
and Meta-Analysis. Acta Kinesiol. 2024, 18, 31-47. [CrossRef]

Cross, M.R.; Brughelli, M.; Samozino, P.; Brown, S.R.; Morin, J.B. Optimal Loading for Maximizing Power during Sled-Resisted
Sprinting. Int. J. Sports Physiol. Perform. 2017, 12, 1069-1077. [CrossRef]

Comfort, P; Dos’Santos, T.; Beckham, G.K.; Stone, M.H.; Guppy, S.N.; Haff, G.G. Standardization and Methodological Considera-
tions for the Isometric Midthigh Pull. Strength Cond. J. 2019, 41, 57-79. [CrossRef]

McMahon, ].J.; Suchomel, T.J.; Lake, ].P.; Comfort, P. Understanding the Key Phases of the Countermovement Jump Force-Time
Curve. Strength Cond. |. 2018, 40, 96-106. [CrossRef]

Lockie, R.G,; Stage, A.A.; Stokes, J.].; Orjalo, A.].; Davis, D.L.; Giuliano, D.V.; Moreno, M.R; Risso, EG.; Lazar, A.; Birmingham-
Babauta, S.A; et al. Relationships and Predictive Capabilities of Jump Assessments to Soccer-Specific Field Test Performance in
Division i Collegiate Players. Sports 2016, 4, 56. [CrossRef]

Taylor, ].M.; Cunningham, L.; Hood, P; Thorne, B.; Irvin, G.; Weston, M. The Reliability of a Modified 505 Test and Change-of-
Direction Deficit Time in Elite Youth Football Players. Sci. Med. Footb. 2019, 3, 157-162. [CrossRef]

Dos’Santos, T.; Mcburnie, A.; Thomas, C.; Comfort, P; Jones, P.A. Biomechanical Determinants of the Modified and Traditional
505 Change of Direction Speed Test. J. Strength Cond. Res. 2020, 34, 1285-1296. [CrossRef]

Cross, M.R,; Lahti, J.; Brown, S.R.; Chedati, M.; Jimenez-Reyes, P.; Samozino, P.; Eriksrud, O.; Morin, ].B. Training at Maximal
Power in Resisted Sprinting: Optimal Load Determination Methodology and Pilot Results in Team Sport Athletes. PLoS ONE
2018, 13, e0195477. [CrossRef]


https://doi.org/10.1055/a-1083-6724
https://www.ncbi.nlm.nih.gov/pubmed/32162295
https://doi.org/10.1519/JSC.0b013e31816611ea
https://www.ncbi.nlm.nih.gov/pubmed/18438225
https://doi.org/10.1007/s40279-018-0947-8
https://www.ncbi.nlm.nih.gov/pubmed/29926369
https://doi.org/10.1007/s40279-015-0422-8
https://doi.org/10.1123/ijspp.2018-0592
https://doi.org/10.1519/JSC.0000000000003546
https://doi.org/10.1123/ijspp.2018-0935
https://doi.org/10.1519/JSC.0b013e318198f92c
https://doi.org/10.1519/JSC.0000000000000492
https://doi.org/10.1123/ijspp.2016-0444
https://www.ncbi.nlm.nih.gov/pubmed/27834560
https://doi.org/10.1007/s00421-017-3796-5
https://www.ncbi.nlm.nih.gov/pubmed/29302753
https://doi.org/10.1242/bio.20148284
https://www.ncbi.nlm.nih.gov/pubmed/24996923
https://doi.org/10.1007/s40279-023-01952-8
https://www.ncbi.nlm.nih.gov/pubmed/39253367
https://doi.org/10.1186/s40798-024-00777-7
https://www.ncbi.nlm.nih.gov/pubmed/39392558
https://doi.org/10.1519/JSC.0000000000004918
https://doi.org/10.51371/issn.1840-2976.2024.18.1.5
https://doi.org/10.1123/ijspp.2016-0362
https://doi.org/10.1519/SSC.0000000000000433
https://doi.org/10.1519/SSC.0000000000000375
https://doi.org/10.3390/sports4040056
https://doi.org/10.1080/24733938.2018.1526402
https://doi.org/10.1519/JSC.0000000000003439
https://doi.org/10.1371/journal.pone.0195477

Sports 2025, 13, 26 13 of 13

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Romero-Franco, N.; Jiménez-Reyes, P.; Castafio-Zambudio, A.; Capelo-Ramirez, F.; Rodriguez-Juan, ].J.; Gonzalez-Hernéndez, J.;
Toscano-Bendala, EJ.; Cuadrado-Pefiafiel, V.; Balsalobre-Ferndndez, C. Sprint Performance and Mechanical Outputs Computed
with an IPhone App: Comparison with Existing Reference Methods. Eur. |. Sport Sci. 2017, 17, 386-392. [CrossRef]

Hopkins, W.G.; Marshall, S.W.; Batterham, A.M.; Hanin, J. Progressive Statistics for Studies in Sports Medicine and Exercise
Science. Med. Sci. Sports Exerc. 2009, 41, 3-12. [CrossRef]

Merino-Mufioz, P.; Pérez-Contreras, J.; Aedo-Mufioz, E. The Percentage Change and Differences in Sport: A Practical Easy Tool to
Calculate. Sport Perform. Sci. Rep. 2020, 118, 446—450. [CrossRef]

Chaalali, A.; Bouriel, K.; Rouissi, M.; Chtara, M.; Mkaouer, B.; Cronin, J.; Chaouachi, A.; Chamari, K. Resisted Sprint Training
with Partner Towing Improves Explosive Force and Sprint Performance in Young Soccer Players—A Pilot Study. Biol. Sport 2022,
39, 379-387. [CrossRef]

Pareja-Blanco, F; Asian-Clemente, J.A.; Sdez de Villarreal, E. Combined Squat and Light-Load Resisted Sprint Training for
Improving Athletic Performance. J. Strength Cond. Res. 2019, 35, 2457-2463. [CrossRef]

Rodriguez-Rosell, D.; Sdez De Villarreal, E.; Mora-Custodio, R.; Asidan-Clemente, J.A.; Bachero-Mena, B.; Loturco, I.; Pareja-Blanco,
F. Effects of Different Loading Conditions During Resisted Sprint Training on Sprint Performance. J. Strength Cond. Res. 2022, 36,
2725-2732. [CrossRef] [PubMed]

West, D.J.; Cunningham, D.J.; Bracken, R-M.; Bevan, H.R.; Crewther, B.T.; Cook, C.J.; Kilduff, L.P. Effects of Resisted Sprint
Training on Acceleration in Professional Rugby Union Players. J. Strength Cond. Res. 2013, 27, 1014-1018. [CrossRef] [PubMed]
Sinclair, J.; Edmundson, C.J.; Metcalfe, J.; Bottoms, L.; Atkins, S.; Bentley, I. The Effects of Sprint vs. Resisted Sled-Based Training;
an 8-Week in-Season Randomized Control Intervention in Elite Rugby League Players. Int. . Environ. Res. Public Health 2021, 18,
9241. [CrossRef] [PubMed]

Harrison, A.J.; Bourke, G. The Effect of Resisted Sprint Training on Speed and Strength Performance in Male Rugby Players.
Strength Cond. 2009, 23, 275-283. [CrossRef]

Alcaraz, PE.; Elvira, ].L.L.; Palao, J. Kinematic, Strength, and Stiffness Adaptations after a Short-Term Sled Towing Training in
Athletes. Scand. |. Med. Sci. Sport. 2012, 24, 279-290. [CrossRef]

Rumpf, M.C.; Lockie, R.G.; Cronin, J.B.; Jalilvand, F. Effect of Different Sprint Training Methods on Sprint Performance Over
Various Distances: A Brief Review. |. Strength Cond. Res. 2016, 30, 1767-1785. [CrossRef]

Formenti, D.; Trecroci, A.; Cavaggioni, L.; Caumo, A.; Alberti, G. Heart rate response to a marathon cross-country skiing race: A
case study. Sport Sci. Health 2014, 11, 125-128. [CrossRef]

Fornaziero, A.M.; Novack, L.F,; Nascimento, V.B.; Osiecki, R. Acute Responses of Youth Elite Players to a Football Match in Terms
of Blood Markers. Sports 2023, 11, 242. [CrossRef]

Impellizzeri, EM.; Maffiuletti, N.A. Convergent evidence for construct validity of a 7-point likert scale of lower limb muscle
soreness. Clin. |. Sport Med. 2007, 17, 494-496. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1080/17461391.2016.1249031
https://doi.org/10.1249/MSS.0b013e31818cb278
https://doi.org/10.13140/RG.2.2.33416.24328
https://doi.org/10.5114/biolsport.2022.103574
https://doi.org/10.1519/JSC.0000000000003171
https://doi.org/10.1519/JSC.0000000000003898
https://www.ncbi.nlm.nih.gov/pubmed/33337706
https://doi.org/10.1519/JSC.0b013e3182606cff
https://www.ncbi.nlm.nih.gov/pubmed/22692118
https://doi.org/10.3390/ijerph18179241
https://www.ncbi.nlm.nih.gov/pubmed/34501831
https://doi.org/10.1519/JSC.0b013e318196b81f
https://doi.org/10.1111/j.1600-0838.2012.01488.x
https://doi.org/10.1519/JSC.0000000000001245
https://doi.org/10.1007/s11332-014-0187-8
https://doi.org/10.3390/sports11120242
https://doi.org/10.1097/JSM.0b013e31815aed57

	Introduction 
	Materials and Methods 
	Experimental Approach to the Problem 
	Participants 
	Procedures 
	Performance Tests 


	Results 
	Isometric Strength 
	Vertical Jump 
	Change of Direction 
	Linear Sprint 

	Discussion 
	Conclusions 
	References

