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DOES THE LOAD DIRECTION (VERTICAL VS HORIZONTAL) OF RESISTED

SPRINT TRAINING AFFECT PERFORMANCE ADAPTATIONS IN SOCCER?


mailto:palcaraz@ucam.edu

ABSTRACT

To analyse and compare the effects of four different resisted sprint training (RST) modalities
on youth soccer players' performance after 8 weeks of training. Forty-eight youth soccer players
(18.3 £ 2.1 years) completed 8 weeks of RST and were randomly assigned to 4 groups:
horizontal resisted sprint (HRS), vertical resisted sprint (VRS), combined resisted sprint (CRS)
and unresisted sprint (URS). The performance on horizontal and vertical jump, sprint and
change-of-direction ability (COD) were assessed one week before and after the training
intervention. Magnitude-based inferences (MBI) analysis was performed for calculating within-
groups pre-post differences. Additionally, an ANCOVA test was performed for between-group
comparison, using the pre-test values as covariates. After that, the ANCOVA p-values and the
effect statistic was transformed to MBI. Within-group outcomes showed that all resisted
training modalities experienced improvements in sprint (small to moderate) and COD (small to
large) performance. Moreover, all groups, except URS, enhanced the horizontal jump
performance. However, only VRS improved on vertical jump. Between-group comparison
outcomes revealed that only VRS improved the sprint time compared to HRS (moderate) and
COD performance compared to all groups (moderate to large). Additionally, VRS enhanced
the countermovement jump (CMJ) performance (small to large) compared to the other groups.
Independently of the orientation of the resistance applied, RST is an effective training method
for improving sprinting and COD performance. Nevertheless, VRS may promote greater
improvements on sprint and COD ability, and have a positive additional effect on CMJ

performance and the reduction of COD deficit.
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INTRODUCTION



Straight sprinting, change-of-direction (COD) and jumps are fundamental qualities to soccer
performance which are presented in common actions such as, when scoring a goal, assisting to
a teammate or anticipating opponents’ behaviour'. A soccer player performs hundreds of CODs
during a match?, most of them being initiated at low velocities and followed by a linear sprint.
Specifically, the most typical high-intensity action is a 100-120 degrees COD, immediately
followed by a 5-20 m linear sprint’>. Thus, COD ability is partially related to the straight
sprinting ability and depends on both horizontal and vertical propulsive forces®. In fact, athletes
who produce greater vertical and horizontal propulsive forces obtain a better performance in
COD tasks. Moreover, these athletes showed greater vertical and horizontal braking forces, hip
abduction and knee flexion angle*. Stolen et al.’ claimed that well-developed strength in lower
limbs is important for soccer players, as this basic capability influences power performance and
the success in high-intensity skills, which play a key role in team sports, such as soccer.
Therefore, power and speed training are crucial in order to be success in decisive situations in

SOocCccr.

In order to develop these qualities, MacDougall and Sale® argued that training should be specific
with regard to movement pattern, applied force, muscle activation type, and contraction
velocity. This means that RST provides a specific stimulus to athlete” which leads to positive
adaptations, by increments on neural activation®’ or the overload in hip extensors'’. Thus, not
surprising that training routines in soccer include training methods which involve specific
motor tasks, such as resisted sprinting or plyometrics. In this regard, resisted sprint training
(RST), where athletes sprint with an added overload, has been shown as an effective training
method for enhancing athletes’ performance’!'!"!4, Additionally, RST modalities may also
produce a positive effect on COD ability, and consequently, improve the athlete’s performance.
A few previous studies have analysed the effects of low-load'>'® and heavy-load'” RST

programs on soccer players with reported improvements in COD performance, but not better



than unresisted sprint training (URS)!® or other training programs, such as squat training or
plyometrics'®. More recently, Rodriguez-Osorio et al.!® concluded that 6 weeks of RST with
COD without extra-load and using moderate (12.5% body mass) and heavy loads (50% body
mass) may have positive effects on sprinting, COD, and jumping performance, especially using

moderate loads.

There are different RST modalities depending on the direction of load (i.e. sled, weighted vest,
and parachute)!! commonly utilized by coaches and practitioners. Regarding the direction of
force application, it is clear that the development of large forces is a key quality for inducing
neuromuscular adaptations?? and functional enhancements of athletic tasks®*. However, coaches
and practitioners must take into account that performance also depends on the ability to apply
such forces at a specific rate, and with an orientation similar to that required by the mechanical
demands of the task®?*. In this regard, an important difference between the RST modalities,
which may affect the adaptations induced to the athlete, is the orientation of the resistance
applied'®. In fact, recent studies showed that chronic performance (i.e. sprinting, jumping...)
and biomechanical adaptations (i.e. effectiveness of applied force, stiffness...) may be
associated with vertically and/or horizontally-oriented training programmes®’. Thus, the
direction of the resultant GRF vector, related to the force applied by the athlete, will differ
according to the conditions in which the force is applied?®. Therefore, depending on the
exercise, the work should focus more on the application of vertical or horizontal forces. For
instance, previous studies on sprinting showed that horizontal forces were higher at the first
steps during the acceleration phase, while vertical forces gradually took greater importance as
velocity increased?’!. Nevertheless, these studies were performed on sprinters using starting
blocks, which in team-sports, such as soccer, is different because sprinting starts from a more

upright position and while in motion*?.



In this regard, due to the interest generated by the requirement of accelerating an athlete’s body
in many sports, the ground reaction forces (GRF) have been largely studied in the scientific
literature?®-31:3334 Recently, Colyer et al.>* showed that sprinters produced higher average
horizontal power than soccer players, which allows them to accelerate more time and beyond
the velocity plateau of the soccer players. Therefore, it is well known that higher average
anteroposterior force production across the acceleration phase and the ability to maintain a more
horizontally-orientated force vector as velocity increases are crucial performance
indicators®!*>, Considering that resisted sled training focus on the development of horizontal
forces, many studies have focused on determining the chronic adaptations of RST using a sled.
A recent meta-analysis by Alcaraz et al.” performed a synthesis of them, establishing that RST
using sled is effective for improving the acceleration phase of sprint, where the horizontal
component GRF is key, but not for the maximum-velocity phase. However, when running at
higher relative speeds the force vector is more vertical, with the limiting factor for maximum
velocity being the ability to exert high vertical normalized force (body mass) with short ground
contacts**. Thus, Cronin et al.>! suggested that RST wearing a weighted vest, vertically-oriented
resistance, may be a more appropriate resistance modality than sled, which is a horizontally-
oriented resistance, at high velocities. In fact, it has been shown that the transition from lower
to higher velocities results in shorter support phase duration with simultaneous increases in
vertical peak force®® producing large vertical forces which are associated with better sprint
performances®®. However, there are no studies which have investigated the adaptations
produced by RST intervention using equipment which provide the athletes vertically-oriented
resistances, such as weighted vest; moreover, the weighted vest has the advantage of performing

COD, which is also crucial in soccer, compared to sled.

All aforementioned suggests that both vertically- and horizontally-oriented RST, as the

combination of both, may have great effects on soccer players' performance. Therefore, the aim



of the study was to analyse and compare the effects of different RST modalities on youth soccer
players' performance after 8 weeks of linear and COD sprinting. Based on the findings of
previous researches, we hypothesized: 1) all RST groups will experience improvements in
sprint and COD performance, and they will also likely obtain enhancements in horizontal and
vertical jump; 2) the groups that performed RST with an added horizontally or vertically-
oriented overload will achieve the greatest improvements in horizontal and vertical-oriented

exercises, respectively.

METHODS

Participants

Sixty active healthy male youth soccer players were recruited with forty-eight (age: 18.3 + 2.1
years; height: 1.78 + 0.05 m; weight: 72.7 + 9.5 kg) completing the study. Twelve players
dropped out of the study for the following reasons: unable to complete 90% of training sessions
(n=5), suffered an adverse event (n=1) or lower limb injury (n=2), or promoted to a higher level
team (n=4). All of the players had previous experience in RST. Inclusion criteria were no
injuries in the past six months that limited sports participation for more than seven days or
undergoing rehabilitation in the last six months and no medical condition preventing maximal
exertion. Participants were informed about the experimental procedures, possible risks, and the
benefits associated with participation before signing the consent form prior to testing. The study
was carried out in accordance with the Declaration of Helsinki and was approved by the

institutional ethics committee.

Design

A randomized pre-post 10-week experimental study was performed: 1-week pre-testing, 8
weeks of RST and 1-week post-testing. Normal team practice and competition schedule,

consisting of 3 training sessions and 1 match per week, were maintained during the



investigation period. To document the internal training load, the rating of perceived exertion®’
was taken at the end of each training. The results show that there were no between-group
differences in the internal training load (P=0.853). All players performed these training sessions

under the guidelines of the same coach.

Following inclusion into the study, players were randomly assigned to one of four groups, using
the computer software Research Randomizer (Version 4.0) (http://www.randomizer.org):
vertical resisted sprint (VRS; n=11), horizontal resisted sprint (HRS; n=13), combined resisted

sprint (CRS; n=12) and unresisted sprint (URS; n=12).

Training program. All training groups performed the same RST protocol twice a week in none
consecutive days (MD-4 and MD-2) during a total of 8 weeks (16 sessions). The main
difference between groups was the equipment used as resistance during the RST program, and
consequently, the direction of the resistance applied: VRS wore a weighted vest (GetStrong,
Get Strong Fitness S.L., Avila, Spain), HRS towed a portable robotic resistance device (1080
Sprint™, 1080 Motion, Lidingd, Sweden) featuring a servo motor (2000 RPM OMRON G5
Series Motor, OMORON Corporation, Kyoto, Japan) attached on the waist, CRS combined
both equipments (weighted vest and 1080 Sprint™), and URS performed the same training
protocol without added resistance. The training program followed an undulating periodization,
combining linear sprinting sessions (8 sessions) and COD sessions (8 sessions), which consisted
of slalom sprinting with 100° COD each 5-m section until cover 20 m. The maximum extra-
load was 20% of body mass (BM), independent of equipment used, based on previous sled’ and
weighted vest?® recommendations. Horizontal load was prescribed using the 1080 Sprint™
(isotonic resistance mode) based on an estimated friction coefficient of 0.35. Specifically, the
absolute load (% BM) was multiplied by this factor to determine horizontal load. Therefore,
the absolute load should be multiplied by 0.35 to get the similar load on a sled. All training

sessions were supervised by the principal investigator. The RST protocol was performed at the



beginning of the training sessions, after warming up. The full training protocol is described in

table 1.

***%*Table 1 near here****

The independent variable was the training program, and the dependent variables were standing
long jump distance (SLJpistance), maximum countermovement jump power (CMJpmax) and
height (CMIJHeignt), sprint time at 30-m (To-30m), 0-10m (To-10m), 10-20m (T10-20m) and 20-30m
(T20-30m), maximum sprint velocity (Vmax), maximum theoretical velocity (Vo), theoretical
maximal horizontal force (Fo), maximum horizontal sprint power output (Pmax), the
effectiveness of force application, which is determined by the maximum ratio of the step-
averaged horizontal component of the GRF to the corresponding resultant force for sprint times
over >0.3 seconds (RFmax) and the rate of decrease in RF (Drr), COD in time (CODrime), speed

(CODSpeed) and deﬁCIt (CODDeﬁcit).

Methodology

Testing was conducted in-season, after 2 days of rest, to limit the influence of fatigue. Players
wore their own athletic gear during the tests: training clothes and soccer boots. Before starting
the testing, all players performed a standardized specific warm-up, consisting of 8-min low-
intensity running, 7-min active dynamic stretching, 3 to 4 submaximal vertical jumps and 3 to
4 submaximal to maximal 30-m sprints with a 90-s rest between trials. Afterwards, all players
performed the tests in the following order: SLJ, CMJ, 30-m sprint and COD with 10-min rest
between tests. All tests were performed on an outdoor artificial turf 3G soccer field, except for
the CMJ test which was completed using a force platform on a rigid surface in the same sports

centre. Two trials were completed for each test, and the best trial was used for analysis.

30-m sprint test. Players performed two 30-m maximum sprints (CV=0.9%) with at least 5-min

rest between attempts. They started each trial from a staggered stance straight position, 0.3-m



behind the starting line and were encouraged to perform each sprint as fast as possible. Sprint
time was measured using timing gates from Microgate's WITTY System (Microgate, Bolzano,
Italy), placed on the starting line and each 10-m interval up to 30-m and 1-m above ground
level®8. Further, a radar gun (Stalker ATS II; Applied Concepts, Richardson, TX, USA),
positioned 5-m behind the starting line at a height 1-m, was used to measure instantaneous

sprint velocity (recording frequency 47 Hz). The best sprint time was taken for analysis.
****Table 2 near here****

Sprint performance and mechanical outputs were computed using a recently established valid
and reliable inverse dynamic field method based on spatiotemporal data®®. Specifically, raw
velocity-time data, obtained from the radar device, were fitted by an exponential function and
derived to compute the net horizontal GRF. Individual linear force-velocity relationships were
then extrapolated to calculate Fo (CV=1.7%, Vo (CV=1.2%)* and Pmax (CV=2.6%). The
mechanical effectiveness of force application was computed as RFmax and by Drr (CV=1.6%).
Concretely, a higher RFnax means that the player can direct the more important part of the total
force output forward at the beginning of the sprint. However, a more negative Drr means that
this ratio of forces has a greater decrement as the running velocity increase*. Pmax and RFmax

were calculated using the following equations by Samozino et al*’:

Prax = 22 [Equation 1] RF = —f2__.100 [Equation 2]

,FH2+FV2

Pmax 1s the maximum power output, Fo is the theoretical maximum horizontal force, Vo is the

theoretical maximum velocity, RF is the ratio of forces, Fy is the horizontal force and Fv is the

vertical force for each step.

We applied this methodology because we wanted to compare these results with previous studies

that used this approach. However, we assume that power is a scalar quantity, this means that



power has no direction, only magnitude. Because movement occurs in a three-dimensional

Euclidean space, mechanical work is collectively the result of three dimension®*'.
****Table 3 near here****

COD speed test. Zigzag COD test was performed according to standard procedures described
elsewhere!®. This test consists of four 5-m sections (20-m of linear sprint) marked with cones
set at 100° angles with timing gates placed at the starting and finishing line Microgate's WITTY
System (Microgate, Bolzano, Italy), requiring the players to decelerate and accelerate as fast as
possible around each cone. Two submaximal and two maximal attempts (CV=2.3%) were
performed with a 5-min rest interval between trials. Players started from a standing position
with the leading foot placed 0.3-m behind the first pair of timing gates and instructed to
complete the test as fast as possible, until crossing the second pair of timing gates, placed 20-
m from the starting line. The best time trial was selected for analysis. Then, to evaluate the
efficacy of each player’s ability to utilize their linear speed during a specific COD task*?,

CODspeed and CODpeficit were calculated as follows:

20
CODTime

CODspeeq = [Equation 3] CODpeficit = Vsprint — CODspeeq [Equation 4]

The Vsprint used to calculate CODpericit 1 the average sprint velocity (0-20 m) obtained from the
unloaded sprint test.

****Table 4 near here****

SLJ test. The SLJ was performed according to a protocol previously described®. Players
performed two practice trials and then two test trials (CV=3.2%), separated by a 90-s rest. The

SLJpistance Was measured to the nearest 0.01 m. The best trial was used for analysis.

CMJ test. The CMJ was performed based on a protocol described previously*’ Players

performed two submaximal trials and two maximum trials (CV=3.8%), with a 90-s rest between



trials. The depth of the countermovement was self-selected and subjects were asked to try and
land close to the point of take-off. CMJs were quantified using a Kistler 9286BA portable force
platform (Kistler Group, Winterthur, Switzerland). Specifically, CMJneight and CMJpmax Were
calculated using the software ForceDeck (Vald Performance, Newstead, QLD, Australia). The

attempt with the highest CMJueight was considered for analysis.
*#*+Table 5 near here****
Statistical Analysis

Descriptive statistics were calculated using SPSS 21.0 (IBM SPSS Inc., Chicago, IL, USA).
Data are presented as mean and standard deviation (SD). All data were log-transformed for
intra-group pre-post differences analysis to reduce bias arising from non-uniformity errors of
the data and then analyzed for practical significance using magnitude-based inferences (MBI)*.
The effect size (ES; 90% confidence interval) in all dependent variables was calculated using
the SD. Between-group comparison was performed using an ANCOVA test in SPSS 21.0, using
the pre-test values as covariates in order to remove the possible initial bias, caused by the
baseline level of each group in the different assessed variables. Between-group ESs were
determined by converting the partial eta-squared from the ANCOVA output to Cohen’s d. Then
a customized spreadsheet* was used to convert the ANCOVA p-values and the effect statistic
to MBI. Threshold values for Cohen’s ES statistics were as follows: >0.2 small, >0.6 moderate,

>1.2 large, >2.0 very large and >4.0 nearly perfect**.

The chance that any difference was better/greater (i.e., greater than the smallest worthwhile
change), [0.2 multiplied by the between-subject SD, based on Cohen’s d ES], similar or
worse/smaller than the other group, was subsequently calculated*. Quantitative chances of an
effect being better or poorer were assessed qualitatively as follows: <1%, almost certainly not;

1-5%, very unlikely; 5-25%, unlikely; 25-75%, possible; 75-95%, likely; 95-99%, very



likely; and >99%, almost certainly. If the chance of having better and poorer was >5%, the true

6

difference was considered unclear*®. If the chance was >75%, data were considered

substantially different.

RESULTS

Tables 2 and 3 show the within-group pre-post differences and inferences on spatiotemporal
and kinetic variables of sprint, respectively. Similarly, Tables 4 and 5 show the within-group
pre-post differences and inferences on COD and horizontal and vertical jump variables,
respectively. Within-group outcomes showed that all resisted training modalities experienced
improvements in sprint (small to moderate) (Table 2) and COD (small to large) performance
(Table 3). Moreover, all groups, except URS, enhanced the horizontal jump performance.
However, only VRS improved on vertical jump (Table 4). Likewise, Figure 1, 2 and 3 show the
between-group comparison on sprint, COD and horizontal and vertical jump variables,
respectively. Between-group comparison outcomes revealed that only VRS improved the sprint
time compared to HRS (moderate) (Figure 1) and COD performance compared to all groups
(moderate to large) (Figure 2). Additionally, VRS enhanced the countermovement jump (CMJ)

performance (small to large) compared to the other groups (Figure 3).

DISCUSSION

The present study investigated the effects of 8-week of different RST modalities, on horizontal
and vertical jump, sprint and COD performance, during the competitive season of youth soccer
players. To our knowledge, this is the first study that compares the effects of a RST program
using different types of equipment to provide horizontal and vertical resistance in youth soccer
players. The results indicate that our hypothesis was almost completely fulfilled because all
training groups experienced improvements in sprint and COD performance, but not in the

horizontal and vertical jump. Moreover, VRS obtained greater improvements in vertical jump



performance compared to the other groups. However, there were no substantial between-group
differences in horizontal jump. In contrast, our second hypothesis, which stated that RST with
an added horizontally or vertically-oriented overload will achieve the greatest improvements in

horizontal and vertical-oriented exercises, respectively, was rejected.

Regarding the sprint performance, all training groups experienced small to moderate
improvements in To-10m, T10-20m, T20-30m and To-30m. Similarly, small improvements in Vmax and
Vo were observed. These results are in agreement with previous studies that analysed the effect

15-1747-53  Fyurthermore, small to moderate

of RST wusing sleds on sprint performance
improvements in Fo and Pmax were observed for all intervention groups. The effectiveness of
force application, as determined by RFmax and Drr, showed small to moderate increases in
RFmax for all training groups. These findings could be explained by the high specificity of the
RST program, independent of resistance modality; since sprinting is the best stimulus to
improve sprint’. Overall, between-group comparisons (Figure 2) showed unclear outcomes,
except in To-1om and To-30m, where VRS obtained moderate greater improvements compared to
HRS. Similarly, moderate greater increments in Pmax were found in favour of URS, CRS and
VRS compared to HRS. These findings are in contrast with the idea which explains the
importance of horizontal propulsive forces, especially in the acceleration phase of sprint’!.
However, it must be acknowledged that the GRF are slightly different between a sprinting starts
from blocks and a more 2-point staggered stance straight position. Moreover, although VRS
provides an athlete a more vertical overload stimulus, sprinting is a horizontal-oriented task and
thus, the player also has to propel this overload forward with the rest of his body. Concretely,
the orientation of GRF changes to a more vertical orientation from the acceleration to maximum
speed phase (or as running velocity increase) on sprinting, being the impulse and resultant GRF

29-31

diagonal when starts from blocks and almost vertical when starts in motion®2. Thus, in

soccer where most of sprints start with an initial velocity®?, VRS might offer a more specific



stimulus which could explain current findings. Also, VRS provides a greater overload stimulus
than the same magnitude of load in the horizontal direction, due to the added effect of gravity.
In fact, there was a greater increase in Pmax with a moderate effect in favour of VRS compared
to HRS, probably caused by this higher stimulus. Moreover, it is thought that greater muscle
power is necessary for maximum sprint running®*. Therefore, it is possible that VRS players

are able to develop a higher amount of GRF and consequently, propel their body forward faster.
****Figure 1 near here****

Both CODrime and CODspeed likely to almost certainly improved (small to large ES) for all
training groups. These results are in agreement with previous findings of RST with sled on

1617 "and a recent study that reported improvement on COD ability after 6

COD performance
weeks of RST with COD using weighted vest'®. The efficacy of each player’s ability to utilize
their linear speed during a specific COD task, evaluated by CODpeficit, showed likely to almost
certainly improved, with small to large ES for all groups. These outcomes could be explained
by the improvement in COD technique experimented by players and the enhancement on
sprinting ability because, as it is well-known, COD ability is partially influenced by the
acceleration ability®. Between-groups comparison (Figure 3) revealed moderate to large
improvements in CODrime and CODspeed in favour of VRS. These findings are in agreement
with Rodriguez-Osorio et al.'® who also showed improvements after 6 weeks of RST with COD
with a weighted vest. Moreover, CRS shows greater improvements in CODrime and CODspeed
compared to URS. In addition, VRS showed moderate to large lower CODpeficit compared to
HRS and URS. These greatest improvements on COD performance observed in the VRS
training group, may result from a higher eccentric demand on the extensor muscles during the
braking phase due to the vertical-oriented resistance. In addition, greater efficacy in COD tasks

has been related to a lower centre of body mass in the moment of turning*. Likewise, sprinting

using a weighted vest will impose a greater demand during braking after the sprint than with



horizontal loading, which might influence eccentric neuromuscular function with a very
positive transference to COD ability. However, braking technique or distance was not

controlled for in this study.
****Figure 2 near here****

Concerning jump ability, all training groups, except URS, had small to moderate improvements
in SLpistance. However, between-group comparison (Figure 1) only revealed small to large
greater improvements in favour of CRS compared to URS in SLJpistance, These results could be
explained by the additional mechanical overload experienced by HRS, VRS and CRS groups.
Regarding CMIJ since all training groups, except HRS, experienced small to moderate
improvements in CMlJpmax. However, only VRS showed small improvements in CMJeight.
Between-group comparison (Figure 1) revealed moderate greater increments in favour of CRS
contrasted to VRS and HRS in CMJpmax. However, only VRS showed greater improvements in
CMJHeignt in comparison with HRS (small), CRS (large) and URS (large), which might be
caused by the specific vertical overload of the VRS training group, since vertical GRF is a key
kinetic component for vertical explosive actions™. Also, it is possible that these findings are a
consequence of an increase in leg spring stiffness which could indicate a greater SSC
behaviour® and influence jump height. However, this is only a speculation, because the
recorded parameters do not provide the bases for a more specific interpretation of the obtained

results.
**F**Figure 3 near here™***

Briefly, the results of this study indicate that the combination of RST with or without COD,
independently of the direction of loading, is a good option for improving sprint and COD

performance in youth soccer players. However, VRS may be the better training stimulus based



on the observed improvements in sprint and COD performance with the additional positive

effect on jumping performance.

The main limitations of the present study are: (1) the calculation method used to compute the
kinetic variables in sprinting only considers the horizontal components of force and power, and
(2) the high experimental drop-out during the intervention period that reduced the sample of
each group. Therefore, future studies are needed in order to obtain more evidence about the
adaptations provoked by the training methods described in the current study, because there is
no previous research that includes alternative equipment to a sled, neither one that compares
the effect of different RST modalities with vertical and horizontal load. Moreover, the training
dose required to enhance such performances using these training modalities should be

established.

PERSPECTIVES

This study provides important information about the effects of different RST modalities
horizontally and vertically-oriented on jump ability, sprint performance and COD skills in
youth soccer players. Current findings may assist coaches and trainers in the selection of RST
training intervention to target sprint and COD performance. Based on our results, VRS using
loads ranged between 10-20% BM is the best option for improving linear sprinting and COD
performance with an additional positive effect on jumping performance in youth soccer players.
Moreover, VRS is the best option for improving CODpeficit. Therefore, although all RST
modalities have been shown as a good option for improving performance in soccer, VRS is the
method that showed greater improvements in sprint performance, COD skills and jump ability.
Nevertheless, HRS and CRS may be good options for improving linear sprinting and COD

ability.

CONCLUSIONS



Based on the presented results, all RST modalities improved sprinting and COD performance,

independently of the orientation of the resistance applied. VRS promoted the greatest

improvements on sprint and COD ability and had a positive additional effect on vertical jump

ability and the reduction of CODpeficit.
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Table 1. Resisted sprint training program.

Specific Work

Week Session S;ssion Sets x (reps x distance/reps recovery)/sets recovery Load

ype HRS VRS _ CRS URS HRS VRS CRS URS

1 1 Sprint 1080 Sprint WV WV None 1 x (2x20 m/60”)/3* + 1 x (2x30m/60) 10% BM BM
2 COD 1080 Sprint WV 1080 Sprint None 1 x (4x10m/60”)/3* + 1 x (3x15m/60”) 10% BM BM

5 3 COD 1080 Sprint WV \\YAY None 1 x (3x15m/60”)/3” + 1 x (2x20m/60)/3” + 1 x (2x30m/60”) 15% BM BM
4 Sprint 1080 Sprint WV 1080 Sprint None 1 x (5x5m/60”)/3” + 1 x (4x10m/60™)/3’ + 1 x (3x15m/60”) 15% BM BM

3 5 COD 1080 Sprint WV \AY% None 1 x (3x15m/60)/3” + 1 x (2x20m/60)/3” + 1 x (2x30m/60”) 20% BM BM
6 Sprint 1080 Sprint WV 1080 Sprint None 1 x (5x5m/60”)/3’ + 1 x (4x10m/60”)/3° + 1 x (3x15m/60”) 20% BM BM

4 7 COD 1080 Sprint WV \\YAY None 1 x (2x20m/60)/3” + 1 x (2x30m/60) 15% BM BM
8 Sprint 1080 Sprint WV 1080 Sprint None 1 x (4x10m/60)/3” + 1 x (3x15m/60”) 15% BM BM

5 9 Sprint 1080 Sprint WV \YAY None 1 x (3x15m/60)/3” + 1 x (2x20m/60)/3” + 1 x (2x30m/60”) 15% BM BM
10 COD 1080 Sprint WV 1080 Sprint None 1 x (5x5m/607)/3” + 1 x (4x10m/60)/3* + 1 x (3x15m/60”) 15% BM BM

6 11 COD 1080 Sprint WV \WYAY None 1 x (3x15m/60”)/3” + 1 x (2x20m/60)/3” + 1 x (2x30m/60”) 20% BM BM
12 Sprint 1080 Sprint WV 1080 Sprint None 1 x (5x5m/60”)/3” + 1 x (4x10m/60”)/3* + 1 x (3x15m/60”) 20% BM BM

7 13 Sprint 1080 Sprint WV \YAY None 1 x (3x15m/60)/3” + 1 x (2x20m/60)/3” + 1 x (2x30m/60”) 15% BM BM
14 COD 1080 Sprint WV 1080 Sprint None 1 x (5x5m/60”)/3° + 1 x (4x10m/60”)/3° + 1 x (3x15m/60”) 15% BM BM

q 15 Sprint 1080 Sprint WV WV None 1 x (2x20m/60”)/3” + 1 x (2x30m/60") 10% BM BM
16 COD 1080 Sprint WV 1080 Sprint None 1 x (4x10m/60”)/3” + 1 x (3x15m/60”) 10% BM BM

Abbreviations: VRS = vertical resisted sprint; HRS = horizontal resisted sprint; CRS = combined resisted sprint; URS = unresisted sprint; COD =
change-of-direction session; WV = weighted vest; BM = body mass.



Table 2. Within-group pre-post differences and inferences on spatiotemporal variables of sprint.

Trainin Pre-Test Post-Test Standardized differences
Groupg Mean+SD  Mean = SD (90% CI) Chances (7o) Inferences P

HRS 2.11+0.03 2.08+0.02 -0.91 £0.31 0/0/100 Moderate**** (positive) <0.001

Totom VRS 2.10+£0.07 2.07+0.06 -0.43+£0.17 0/8/92 Small** (positive) 0.001
CRS 211+0.03 2.08+0.03 -1.00 £ 0.32 0/0/100 Moderate**** (positive) <0.001

URS 2.10+0.07 2.06+0.07 -0.51 £0.15 0/0/100 Small**** (positive) <0.001

HRS 1.29+0.02 1.27+0.02 -0.74 £ 0.34 0/1/99 Moderate*** (positive) 0.002

T VRS 1.27+0.05 1.25+0.05 -0.33+£0.12 0/3/97 Small*** (positive) <0.001
CRS 1.28+0.03 1.26+0.03 -0.64 £0.32 0/1/99 Moderate*** (positive) 0.004

URS 1.27+0.06 1.25+0.05 -0.33+£0.15 0/8/92 Small** (positive) 0.003

HRS 1.21+£0.03 1.20+£0.03 -0.45+0.36 0/11/88 Small** (positive) 0.043
T VRS 1.19+0.05 1.17£0.05 -0.34+£0.11 0/3/97 Small*** (positive) <0.002
CRS 1.20+0.03 1.19+0.03 -0.50 £0.35 0/8/92 Small** (positive) 0.028

URS 1.19+£0.06 1.17+0.06 -0.31+£0.14 0/10/90 Small** (positive) 0.003

HRS 4.61 £0.07 4.55+0.07 -0.76 £ 0.32 0/0/100 Moderate**** (positive) 0.001

Toanm VRS 4.55+0.17 4.49=+0.16 -0.37+0.11 0/1/99 Small*** (positive) <0.001
CRS 4.59+£0.09 4.52+0.08 -0.73+£0.32 0/1/99 Moderate*** (positive) 0.002

URS 456+0.19 4.49+0.17 -0.39+0.14 0/2/98 Small*** (positive) <0.001

HRS 836+021 847+0.18 0.48 +£0.33 92/8/0 Small*** (positive) 0.025

Vo VRS 8.56+0.41 8.68+0.39 0.26 +£0.12 82/18/0 Small*** (positive) 0.003
h CRS 843+£0.23 856+0.22 0.52 +0.35 94/6/0 Small*** (positive) 0.022
URS 851+044 8.65+041 0.28 £0.14 84/16/0 Small*** (positive) 0.004

HRS 8.78+0.25 890+0.23 0.48 £ 0.34 92/8/0 Small*** (positive) 0.027

Vo VRS 9.03+£0.49 9.17+0.49 0.26 +£0.12 77/23/0 Small*** (positive) 0.006
CRS 8.86+0.28 9.01+£0.27 0.49 £ 0.36 92/8/0 Small*** (positive) 0.032

URS 896+0.53 9.13+£0.50 0.30+£0.13 91/9/0 Small*** (positive) 0.002

Abbreviations: To-jom = time from starting point to 10m in s; Tjo-20m = time from 10m to 20m in s; T20-30m = time from 20m to 30m in s; To-30m = full sprint time
in s; Vimax = maximum velocity in m-s™'; Vo = theoretical maximum velocity in m-s™; HRS = horizontal resisted sprint; URS = unresisted sprint; CRS = combined



resisted sprint; VRS = vertical resisted sprint; SD = standard deviation; CI = confidence interval; Chances = percentage chance of having greater/similar/lower
values as a percentage; P = p-value. Inferences are small (>0.2), moderate (>0.6) moderate, large (>1.2), very large (>2.0) and nearly perfect (>4.0). Qualitative

assessment: *possibly (25-75%), likely (75-95%), very likely (95-99%) and almost certainly (>99%). Positive, trivial and negative indicators refer to the effect
on performance of the change between post- and pre-values for each specific variable.



Table 3. Within-group pre-post differences and inferences on kinetic variables of sprint.

Trainin Pre-Test Post-Test Standardized differences
Groupg Mean+SD  Mean £ SD (90% CI) Chances (7o) Inferences P

HRS 7.79£0.18 7.95+0.20 0.84 +0.44 99/1/0 Moderate*** (positive) 0.006

Fo VRS 7.69 £+ 0.40 7.95 £+ 0.39 0.57+0.29 98/2/0 Small*** (positive) 0.005
CRS 7.66 +0.21 7.94+0.18 1.20 £ 0.35 100/0/0 Moderate**** (positive) <0.001
URS 7.78 £ 0.36 7.98 = 0.34 0.51+0.18 100/0/0 Small**** (positive) <0.001

HRS 17.1£0.74 17.7+0.67 0.72+0.38 98/2/0 Moderate*** (positive) 0.005
Pua VRS 17.4 £ 1.71 18.2 £1.58 0.45+0.15 99/1/0 Small*** (positive) <0.001
CRS 17.0+0.85 17.9+0.75 0.97+0.31 100/0/0 Moderate**** (positive) <0.001
URS 17.4+1.77 18.2+1.66 0.41+0.14 99/1/0 Small*** (positive) <0.001

HRS 44.9 £0.86 45.6 £0.65 0.76 £ 0.41 98/2/0 Moderate*** (positive) 0.006

RFux VRS 452 +£1.66 46.0 £ 1.67 0.45+0.18 98/2/0 Small*** (positive) 0.001
CRS 449 +0.90 45.8 +0.84 0.94 +0.42 100/0/0 Moderate**** (positive) 0.002
URS 453+1.92 46.3 +1.77 0.44+0.17 99/1/0 Small*** (positive) <0.001

HRS -8.29 +£0.25 -8.30+0.30 -0.02 £ 0.43 21/53/26 Unclear 0.94

Dre VRS -7.94 +£0.35 -8.05+0.44 -0.27+0.41 3/35/62 Small* (negative) 0.264
CRS -8.07 £ 0.27 -8.19+£0.28 -0.41 £0.45 2/20/82 Small** (negative) 0.134

URS -8.10+0.29 -8.11+£0.32 -0.04 £0.24 5/81/13 Unclear 0.781

Abbreviations: Fo = theoretical maximum horizontal force in N-kg'!; Pmax = maximum horizontal power output in W-kg™'; RFmax = maximum ratio of forces, as
a percentage; Drr = decrease in ratio of forces, as a percentage; HRS = horizontal resisted sprint; URS = unresisted sprint; CRS = combined resisted sprint; VRS
= vertical resisted sprint; SD = standard deviation; CI = confidence interval; Chances = percentage chance of having greater/similar/lower values as a percentage;
P = p-value. Inferences are small (>0.2), moderate (>0.6) moderate, large (>1.2), very large (>2.0) and nearly perfect (>4.0). Qualitative assessment: *possibly
(25-75%), likely (75-95%), very likely (95-99%) and almost certainly (>99%). Positive, trivial and negative indicators refer to the effect on performance of
the change between post- and pre-values for each specific variable.



Table 4. Within-group pre-post differences and inferences on change-of-direction ability variables.

Training Pre-Test Post-Test Standardized differences Chances (%) Inferences p
Group Mean + SD Mean + SD (90% CI)
HRS 4.97+0.20 4.73 £0.25 -1.22 £ 0.47 0/0/100 Large**** (positive) <0.001
COD1ime VRS 4.90 +£0.25 4.52+0.21 -1.47+£0.37 0/0/100 Large**** (positive) <0.001
CRS 498 +£0.23 4.65+0.18 -1.39+0.41 0/0/100 Large**** (positive) <0.001
URS 4.90 +0.28 4.74 +0.25 -0.52+0.39 0/0/100 Small** (positive) 0.035
HRS 4.03 £0.16 424+0.21 1.22+0.47 100/0/0 Large**** (positive) <0.001
CODspeca VRS 4.09 +0.21 444 +0.21 1.47 +0.37 100/0/0 Large**** (positive) <0.001
CRS 4.02+0.18 430+0.16 1.39+0.41 100/0/0 Large**** (positive) <0.001
URS 4.10+0.23 423+0.23 0.52+0.39 100/0/0 Small** (positive) 0.035
HRS 1.86 £0.14 1.65+0.24 -1.67 £0.67 0/0/100 Large**** (positive) <0.001
CODbetici VRS 1.86 £ 0.31 1.51+£0.26 -1.13+£0.25 0/0/100 Moderate**** (positive) ~ <0.001
CRS 1.88+0.19 1.60 +£0.17 -1.44 £ 0.39 0/0/100 Large**** (positive) <0.001
URS 1.85+0.24 1.72 £0.23 -0.53 £0.40 0/0/100 Small** (positive) 0.037

Abbreviations: CODrime = change-of-direction test time in s; CODspeeq = change-of-direction test average speed in m-s™'; CODpeficit = change-of-direction speed
deficit in m's'; HRS = horizontal resisted sprint; URS = unresisted sprint; CRS = combined resisted sprint; VRS = vertical resisted sprint; SD = standard
deviation; CI = confidence interval; Chances = percentage chance of having greater/similar/lower values as a percentage; P = p-value. Inferences are small
(>0.2), moderate (>0.6) moderate, large (>1.2), very large (>2.0) and nearly perfect (>4.0). Qualitative assessment: *possibly (25-75%), **likely (75-95%),
**yery likely (95-99%) and ****almost certainly (>99%). Positive, trivial and negative indicators refer to the effect on performance of the change between
post- and pre-values for each specific variable.



Table 5. Within-group pre-post differences and inferences on horizontal and vertical jump variables.

Training Pre-Test Post-Test Standardized differences Chances Inferences p
Group Mean + SD Mean + SD (90% CI) (%)
HRS 2.12+0.13 2.22+0.13 0.63 +0.47 93/6/0 Moderate** (positive) 0.035
SLJ bistance VRS 2.26+0.17 2.31+0.20 0.29+0.24 74/26/0 Small* (positive) 0.060
CRS 2.14+0.21 2.23+0.18 0.39+0.24 91/9/0 Small** (positive) 0.015
URS 2.17+0.14 2.20+0.20 0.14£0.41 40/52/8 Unclear 0.542
HRS 489 +4.15 50.5+4.69 0.36 +0.48 68/26/6 Unclear 0.298
CMJpua VRS 51.5+7.00 53.8+6.03 0.30+0.15 87/13/0 Small* (positive) 0.005
CRS 48.4 £4.62 52.7 +6.69 0.81 £0.37 99/1/0 Moderate*** (positive) 0.002
URS 50.2+7.73 53.1 +£6.05 0.38 +0.26 88/12/0 Small** (positive) 0.023
HRS 35.2+3.83 354+4.71 0.02 +0.40 22/61/17 Unclear 0.922
CMJteignt VRS 37.4+8.42 40.0 +7.59 0.31 +£0.09 97/3/0 Small*** (positive) <0.001
CRS 35.4+4.30 35.8+4.12 0.11+0.28 28/68/4 Trivial* (trivial) 0.499
URS 36.6 +4.39 358+ 5.11 -0.20 £ 0.38 4/47/49 Trivial* (negative) 0.371

Abbreviations: SLIpistance = standing long jump distance in m; CMJpmax = maximum power production reached in countermovement jump in W-kg'; CMJneight
= maximum jump height reached in countermovement jump in cm; HRS = horizontal resisted sprint; URS = unresisted sprint; CRS = combined resisted sprint;
VRS = vertical resisted sprint; SD = standard deviation; CI = confidence interval; Chances = percentage chance of having greater/similar/lower values as a
percentage; P = p-value. Inferences are small (>0.2), moderate (>0.6) moderate, large (>1.2), very large (>2.0) and nearly perfect (>4.0). Qualitative assessment:
*possibly (25-75%), **likely (75-95%), ***very likely (95-99%) and ****almost certainly (>99%). Positive, trivial and negative indicators refer to the effect
on performance of the change between post- and pre-values for each specific variable.



FIGURE CAPTIONS

Figure 1. Between-group comparison of sprint performance.
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Bars indicate uncertainty in the true mean changes with 90% confidence intervals. Abbreviations: To.iom
= time from starting point to 10m (s); Tio-20m = time from 10m to 20m (s); T20-30m = time from 20m to
30m (s); To3om = full sprint time (s); Vmax = maximum velocity (m's™); Vo = theoretical maximum
velocity (m's™); Fo = theoretical maximum horizontal force in (N-kg™"); Pmax = maximum horizontal
power output in (W-kg'); RFmax = maximum ratio of forces (%); Drr = decrease in ratio of forces (%);
HRS = horizontal resisted sprint; URS = unresisted sprint; CRS = combined resisted sprint; VRS =
vertical resisted sprint. Effect size (ES). Inferences are small (>0.2), moderate (>0.6) moderate, large
(>1.2), very large (>2.0) and nearly perfect (>4.0). Qualitative assessment: *possibly (25-75%), likely
(75-95%), very likely (95-99%) and almost certainly (>99%).



Figure 2. Between-group comparison of change-of-direction performance.
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Bars indicate uncertainty in the true mean changes with 90% confidence intervals. Abbreviations:
CODrime = change-of-direction test time (s); CODspeed = change-of-direction test average speed (m-s™);
CODnpesicit = change-of-direction speed deficit in (m-s™'); HRS = horizontal resisted sprint; URS =
unresisted sprint; CRS = combined resisted sprint; VRS = vertical resisted sprint. Effect size (ES).
Inferences are small (>0.2), moderate (>0.6) moderate, large (>1.2), very large (>2.0) and nearly perfect

(>4.0). Qualitative assessment: *possibly (25-75%), **likely (75-95%), ***very likely (95-99%) and

****almost certainly (>99%).



Figure 3. Between-group comparison of horizontal and vertical jump performance.
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Bars indicate uncertainty in the true mean changes with 90% confidence intervals. Abbreviations:
SLJpistance = standing long jump distance (m); CMJpmax = maximum power production reached in
countermovement jump (W-kg™!); CMJpeighe = maximum jump height reached in countermovement jump
(cm); HRS = horizontal resisted sprint; URS = unresisted sprint; CRS = combined resisted sprint; VRS
= vertical resisted sprint. Effect size (ES). Inferences are small (>0.2), moderate (>0.6) moderate, large
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