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ABSTRACT

This study explored the effects of an 8-week repeated backward running training (RBRT) programme
on measures of physical fitness in youth male soccer players. Youth male soccer players were
randomly allocated into a RBRT group (n=20; 13.95+0.22y) or a control group (CG; n=16;
14.86+0.29y). The CG continued normal soccer training, while the RBRT group replaced some soccer
drills with RBRT twice per week. Within-group analysis revealed that RBRT improved all performance
variables (A-9.99% to 14.50%; effect size [ES] = -1.79 to 1.29; p<0.001). Meanwhile, trivial-to-
moderate detrimental effects on sprinting and change of direction (CoD) speed (A1.55% to 10.40%;
p<0.05) were noted in the CG. The number of individuals improving performance above the smallest
worthwhile change ranged from 65-100% across all performance variables in the RBRT group,
whereas <50% in the CG reached that threshold. The between-group analysis indicated that the RBRT
group improved performance on all performance tasks more than the CG (ES = -2.23 to 1.10; p<0.05).
These findings demonstrate that substituting part of a standard soccer training regimen with RBRT can
enhance youth soccer players’ sprinting, CoD, jumping, and RSA performance.

Keywords: musculoskeletal and neural physiological phenomena, human physical conditioning,
movement, muscle strength, youth team sports.

INTRODUCTION

Soccer players’ athletic qualities such as sprinting, jumping, change of direction (CoD) speed and
repeated sprint ability (RSA) are major determinants of performance (32, 33), and largely influence
soccer match performance in young players (32 33, 34). Indeed, elite soccer players are characterised
by high levels of muscular strength, speed, and derivatives thereof (i.e., acceleration, sprinting,
jumping, CoD, and RSA), when compared to sub-elite soccer players (32, 33, 34). While these athletic
qualities naturally improve in youth athletes due to growth and maturation (12), the development of
these traits can be further enhanced through focused training interventions (18).

To develop athletic qualities in youth soccer players, both specific and non-specific training methods
can be used (19). The principle of training specificity suggests that to achieve the best possible
outcome, a training modality should be closely related to the neuromuscular and physiological
characteristics of the particular athletic task it is intended to enhance (20). This principle is
substantiated by findings that specific training methods, which have high biomechanical and
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physiological resemblance to soccer-related tasks, and are produced through shared locomotive neural
networks (13), demonstrate a high transfer to athletic movements such as sprinting, CoD ability,
jumping and RSA (19,36). Whilst specific training methods are commonly thought to imitate athletic
tasks (7,49), there is emerging evidence that performing athletic movements in reverse can also
stimulate positive adaptations, enhancing the performance of movements executed in forward
directions (43). In particular, backward running (BR), has been proposed to be a training method that
can improve forward running (FR) (45) due to both tasks originating from the same locomotive central
pattern generators (21).

Similar to FR, BR is a movement strategy that occurs in sporadic bursts during soccer play (31).
Indeed, elite soccer players may spend 3-4% of the match in a BR motion with FR movements
representing 0.9-1.4% only (31, 43). According to the same authors (31, 43), top-class soccer players
(ranked 1-10 on the official FIFA list) spend significantly more time in BR motion compared to
moderately ranked soccer players (ranked higher than 20 on the official FIFA list) (3.7£0.3% vs.
2.910.2%, respectively). This shows that BR is an important locomotor parameter during soccer games.
Compared to FR, BR is characterised by an increased reliance on isometric and concentric muscular
actions (9), decreased elastic utilization (8,38), and greater muscle activation in the lower limbs
(17,48). Given the unique demands of BR on musculotendinous functioning, it has been implemented
as a training protocol to enhance athletic qualities such as sprinting performance (44), CoD speed (42),
and jumping height (44). Besides improving these relatively high-velocity movements related to
maximal neuromuscular capabilities, BR training has also been found to promote positive adaptations
in cardiovascular fitness (35,41). Since BR results in approximately 28-35% greater energy expenditure
compared to FR at similar running velocities (11,38), it may be a particularly effective method for
stimulating positive adaptations in athletic qualities that are dependent on cardiorespiratory capabilities
(45), such as RSA (4). However, while previous findings indicated that BR training can improve
running economy (35) and oxygen consumption (41), there are no empirical investigations as of yet on
the effectiveness of BR training on RSA.

In addition, readers should be cognisant that all previous training studies which utilised BR,
implemented either steady-state low-velocity running (35,41) or maximal effort BR sprinting with
work-to-rest ratios >1:3 (42,44). Furthermore, only the study by Uthoff and colleagues (44) explored
the effects of BR training on speed and power measures in adolescent male athletes (age=14.59 + 0.29),
and no studies have explicitly investigated the effects of repeated BR training (RBRT) on physical
fitness capabilities in youth male soccer players. This highlights a dearth of empirical evidence on the
utility and effectiveness of RBRT using maximal efforts, with minimal rest, on youth soccer players’
physical fitness. Accordingly, this study aimed to investigate the effects of an 8-week RBRT program
on youth male soccer players' linear (5-, 10-, and 20-m) and CoD (505 test) sprint times,
countermovement jump (CMJ) height, standing long jump (SLJ) distance and RSA for both fastest
(RSAest) and total (RSAwta) time. We hypothesised that, compared to regular soccer training,
substituting parts of a standard soccer training regimen with RBRT would induce larger improvements
in measures of physical fitness in youth male soccer players (43).

METHODS

Experimental approach to the problem

A randomized controlled trial was undertaken to study the effects of an 8-week RBRT programme on
measures of physical fitness in youth male soccer players. The training programme was conducted
during the in-season period of the year 2021 (February-March). All participants were habituated to the
physical fitness tests from their routine physical preparation programme prior to testing. All tests were
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scheduled at least 48 hours after the last executed training session or soccer match and were conducted
at the same time of day (7:30-9:30 AM) under the same environmental conditions (30-33° C, no
wind). Testing occurred over three days with linear sprint speed and CoD speed testing conducted on
the first day, jump testing on the second day, and RSA on the third day. Youth players were assessed
before and after an 8-week RBRT programme. No specific nutritional supplements were taken by the
players. During testing, participants were instructed to follow their normal consumption of food and
fluids. In addition, the players were told to abstain from physical exercise for one day before testing.

Participants

Thirty-six male youth soccer players from a regional soccer team were randomly assigned to an RBRT
group (n=20) or a control group (CG, n =16). The anthropometric characteristics of both groups are
displayed in Table 1. The assigned groups were determined by a chance process (a random number
generator on a computer) and could not be predicted. This procedure was established according to the
“CONSORT” statement (http://www.consort-statement.org). Figure 1 displays a CONSORT diagram
of the levels of reporting and participant flow. The participants had 6.0 + 1.3 years of systematic soccer
competition and training, involving five training sessions (80-90 min each) per week and a competitive
game on weekends. Athletes who missed more than 20% of the total training sessions and/or more than
two consecutive sessions were excluded from the study (32). Biological maturity status was estimated
using the maturity offset (MO) method. The MO was calculated by predicting age at peak height
velocity using the estimation equation established by Mirwald et al (30). MO = -9.236 +
(0.0002708-leg length and sitting height interaction) — (0.001663-age and leg length interaction) +
(0.007216-age and sitting height interaction) + (0.02292-weight by height ratio*100).

**Ejgure 1 near here**

**Table 1 near here**

All players met the following inclusion and exclusion criteria: (i) continuous soccer training over the
past three months with no serious musculoskeletal injuries (i.e., no more than one session missed), (ii)
absence of potential medical problems that could compromise participation or performance in the
study, and (iii) no lower-extremity surgery in the past two years before the study. All procedures were
approved by the Institutional Review Committee for the ethical use of human subjects at ***blind to
reviewers***, Written informed parental consent and participant assent were obtained before the start
of the study. All participants and their parents/legal representatives were informed about the
experimental protocol and its potential risks and benefits before the commencement of the research
project. Participants were permitted to withdraw from the study at any time and without having to
provide a reason for doing so.

Training Programme

Both groups participated in the same regular soccer-specific training programme over the 8-week
intervention period. Soccer training sessions for both groups included fast footwork drills, technical
skills and moves, position games and tactical games. Both the RBRT group and the CG completed 40
soccer training sessions during the intervention period and competed in seven matches.

Repeated backward sprint training programme
The RBRT sessions were integrated into the regular soccer training routine of the intervention group
after their standard warm-up, replacing 15 to 20 minutes of low-intensity soccer drills, on Tuesdays and
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Thursdays, over 8 weeks, on an artificial grass soccer pitch (Table 2). Coaching cues (i.e., “slight lean
of the chest forward”, “use similar arm action to forward running”, and “high heel recovery of the
swing leg”) similar to those used by Uthoff et al. (44) were used to reinforce the BR techniques.
Players were instructed to exert maximal effort, across all repetitions, by covering the prescribed
running distance (20-m) as fast as possible. Overall, players performed between two and four sets with
seven repetitions in each set. The inter-set and inter-repetition rests were 4 minutes and 20 seconds,
respectively. After the RBRT session, the players completed the remainder of their regular soccer
training.

**Table 2 near here**

Linear sprint speed time

Twenty-meter linear sprint performance was assessed at 5-, 10-, and 20-m intervals using a single beam
electronic timing system (Microgate SRL, Bolzano, Italy). Participants started in a standing split stance
position with their lead foot 0.3 m behind the first infrared photoelectric gate, which was placed 0.75 m
above the ground to ensure that it captured trunk movement and avoided false signals through limb
motion. In total, four single-beam photoelectric gates were used. No rocking or false steps were
permitted before starting. The between-trial recovery time was three minutes. The best performance out
of two trials was used for further analysis. The intra-class correlation coefficients (ICCs) for test-retest
reliability were 0.91, 0.93, and 0.90 for 5-, 10- and 20-m respectively.

505 change of direction speed time

The 505 CoD test was administered using the protocol previously outlined by Negra et al. (33) using an
electronic timing system (Microgate, Bolzano, Italy). Players assumed a standing split stance position
10-m from the start line, ran as quickly as possible through the start/finish line, pivoted 180° at the 15-
m line indicated by a cone marker, and returned as fast as possible through the start/finish line. To
ensure proper execution of the test, a researcher was positioned at the turning line and if the participant
changed direction before reaching the turning point, or turned off the incorrect foot, the trial was
disregarded and reattempted after the recovery period. A between-trial rest period of three minutes was
provided. The best performance out of two trials was used for further analysis. The ICC for test-retest
trials was 0.95.

Countermovement jump height

For this test, participants started from an upright standing position and performed a fast downward
movement by flexing the knees and hips before rapidly extending the legs and performing a maximal
vertical jump. During the test, participants were instructed to maintain their arms akimbo. Jump height
was recorded using a floor-level optoelectric system (Optojump, Microgate, SRL, Bolzano, Italy). A
rest period of one minute was allowed between trials. Participants’ best performance out of three trials
was retained for further analysis. The ICC for test-retest reliability was 0.92.

Standing-long-jump distance

During the bilateral SLJ test, participants stood with their feet shoulder-width apart and toes behind a
starting line. On the command of “ready, set, go”, participants performed a fast flexion of the legs and
downward movement of the arms, before jumping as far as possible in a horizontal direction.
Participants were instructed to land with both feet at the same time and were not allowed to fall forward
or backward. The horizontal distance between the starting line and the position of the heel of the rear
foot upon landing was recorded using a tape measure to the nearest 1-cm. A between-trial rest period of
one minute was allowed. The best of three trials was recorded for further analysis. The ICC for test-
retest reliability was 0.91.
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Repeated sprint ability

The RSA test was assessed via the same photocell system used for the linear speed and 505 CoD tests
(Microgate, Bolzano, Italy). Immediately after a standardised warm-up, participants completed a
preliminary single shuttle-sprint test (20+20 m with 180° CoD). The first trial provided the criterion
score for the actual shuttle-sprint test (34). Participants then rested for five minutes before starting the
RSA test. During the first sprint, participants had to achieve at least 97.5% of their criterion score,
otherwise, they rested for five minutes and then restarted the test (34). We used such an approach to
determine if participants adopted a coping strategy for performance. Of note, all participants attained
their criterion score during the first sprint. All performed six 20-m shuttle sprints with 180° turns,
separated by 25 seconds of passive recovery (34). Three seconds prior to the commencement of each
sprint, players were asked to adopt the ready position using a split stance, with their front foot 0.3 m
behind the starting line, until the next start signal. From the starting line, they sprinted for 20-m and
touched the second line with one foot before performing a 180° CoD and returning to the starting line
as quickly as possible. Participants were instructed to complete all sprints as fast as possible. The
RSAbest and RSAvotal Were determined. Due to the fatigue induced by the test, only one maximal attempt
was made i.e., no ICC was calculated.

Statistical Analyses

The normality of all variables was tested and confirmed using the Shapiro-Wilk test. The homogeneity
of variance was assessed using Leven’s test. Within-group training-related effects from pre- to post-
training were analyzed using paired sample t-tests. A one-way analysis of variance was used to assess
the training-related effects between the groups on the change score (mean difference from pre-training
to post-training). Additionally, effect sizes (ES) and percentage changes were calculated to determine
the magnitude of the performance change both within- and between-group. The ES was calculated by
dividing the mean change in performance by the pooled standard deviation (SD) of the sample scores
(24) and classified as trivial (<0.20), small (0.20 < ES < 0.59), medium (0.60 < ES < 1.19), and large
(ES > 1.20) (23). The smallest worthwhile individual change (SWC) was calculated on the pooled
standard deviation of pre-training performance scores for both groups and converted to a percentage for
each performance variable. The worthwhile changes were considered small (0.2 * SD), moderate (0.6 *
SD), and large (1.2 * SD) (22,23). Note that the SWC for sprinting, 505 CoD, and RSA performance is
negative to reflect that decreases in times are associated with performance improvements. Test-retest
reliability was assessed using the ICCz1). Data were presented as group means and SD. The level of
significance was set a priori at p < 0.05 and 95% confidence limits were used. Data analyses were
conducted using Microsoft Excel (version 22.04; Microsoft, Seattle, WA, USA) and SPSS 24.0
program for Windows (SPSS, Inc, Chicago, IL, USA).

RESULTS

All participants (n=36) received the treatment conditions as allocated. The adherence rate to training
was 96% for both groups. None of the participants reported any training- or test-related injuries.
Within-group changes from pre- to post-training and between-group differences in the performance
tests for the RBRT and CG groups are displayed in Table 3. The within-group analysis found that
RBRT elicited significant improvements in all performance variables (A-9.99% to 14.5%; d = -1.79 to
1.29; p < 0.001). Meanwhile, the CG significantly decreased sprinting and 505 CoD performance
(A1.55% to 10.40%; p < 0.05) with effects ranging from trivial-to-moderate. For the other measures of
physical fitness, no significant changes were observed in the CG (p>0.05).

**Table 3 near here**
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In terms of individual responses, Figure 2 illustrates the individual percentage changes relative to
small, moderate, and large worthwhile changes detected for the RBRT group and CG. The RBRT
group had the highest relative number of individual responses above the SWC for 5- (95%), 10- (75%),
and 20-m (65%), 505 CoD (85%), CMJ (100%), SLJ (95%), RSAbest (80%) and RSAtta (80%).
Whereas only 25% to 50% of the participants of the CG improved performance above the SWC for any
of the performance tests.

**Ejgure 2 near here**

The one-way ANOVA on the change scores revealed a significant difference between groups for all
performance tests (p < 0.001). Compared with the CG, significant favorable differences were found for
the RBRT group for all sprinting distances, 505 CoD, CMJ height, SLJ distance, and RSA performance
(d=-2.23t0 1.10).

DISCUSSION

The present study is the first to explore the effects of performing RBRT on measures of physical fitness
in male youth soccer players. Our findings demonstrated that substituting part of a standard soccer
training regimen with RBRT improved short sprint performance, 505 CoD time, jumping ability, and
RSA. Regular soccer training on the other hand impaired sprinting and CoD performance with no
effects on the other physical fitness parameters. These results are important for researchers and
practitioners, given the lack of published literature on the effects of RBRT on measures of physical
fitness in youth athletes.

Sprinting ability is critical for success in soccer with sprinting activities frequently performed prior to
decisive moments in games such as scoring a goal (15). The findings from our study revealed that
RBRT resulted in moderate to large within-group improvements in short sprint performance over
distances up to 20-m (5-m: absolute change=0.11; ES=-1.79 [-9.99%]; 10-m: absolute change=0.05;
ES=-0.74 [-2.39%]; 20-m: absolute change =0.07; ES=-0.75 [-2.24%]). A similar trend was observed in
our between-group analysis with significantly larger training-related increases in 5-, 10- and 20-m
performance (ES=-2.23, -1.24, and -0.70, respectively) in the RBRT group compared to the CG.
Indeed, 65 to 95% of the RBRT group improved sprint performance over all of the measured distances
to a level that exceeded the SWC compared to only 25 to 31% in the CG. These results are in
agreement with those of Uthoff and colleagues (44) who demonstrated that eight weeks of BR training
resulted in moderate-to-large within-group improvements (-5.01% to -7.47%; ES = -1.04 to -1.56) in
forward sprint performance in male youth athletes and moderate-to-large performance gains (ES = -
1.05 to -1.59) when compared to a CG performing normal physical education training. Likewise, Negra
and colleagues (34) reported a moderate improvement in 10-m (0.08 s; ES=0.68) and 20-m (0.17s; ES=
0.67) sprint performance after nine weeks of a forward repeated sprint training (FRST) programme,
with and without CoD in male youth soccer players aged 16 years. The present findings suggest that
performing RBRT during the in-season period can induce preferential adaptations in short sprint
performance in a forward direction in male youth soccer players, findings that are reinforced by
previous literature (34). However, it must be highlighted that, similar to other BR training research
(44), this study found that RBRT resulted in greater adaptations during short accelerative tasks (i.e., 5-
m: -9.99%) relative to long accelerative tasks or maximal velocity sprints (i.e., 20-m: -2.24%). These
findings are further supported by the average absolute changes in performance and individual responses
of participants. Indeed, the absolute changes in performance for 5-, 10-, and 20-m were 0.11, 0.05, and
0.07 s, respectively, with the highest number of individual responses above the SWC observed for 5-
(95%) followed by 10- (75%) and 20-m (65%). These findings support the result that BR preferentially
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Change of direction ability is a key determinant of high-performance play in the sport of soccer (29).
Our results showed moderate (absolute change = 0i58; ES=-1.12 [5.67%)]) within-group improvements
in the 505 CoD test after RBRT, and large (ES=-2.16) improvements compared to the CG.
Interestingly, 85% of the participants of the RBRT group improved 505 CoD performance to a level
that was greater than the SWC with none in the CG. This suggests that an absolute change equal to
0.15s after eight weeks of RBST is indicative of a meaningful improvement in most participants. These
findings are in agreement with results from previous research that found 3.00 to 3.37% improvements
in 505 CoD performance in ~18-20-year-old female netball athletes after six weeks of BR training (42).
Furthermore, the results of the current study align with previous reports that nine weeks of repeated
forward sprint training (FRST) can be used to induce large gains in 505 CoD performance in male
youth soccer players (34). Similarly, Beato et al. (2) observed moderate (ES=0.62) improvements in the
505 CoD test after eight weeks of FRST, combined with CoD, in elite young male soccer players.
While FRST can be used to improve CoD ability in youth male soccer players, the greater coordination
demands associated with BR (27) may help to provide a unique training stimulus to further develop this
athletic quality through adaptations towards being able to position oneself to change directions more
effectively (i.e., more optimal movement policies) (1). While the unique responses to BR such as a
reliance on isometric and concentric muscular action (9) and large magnitudes of muscle activation in
the lower limbs (17,48) are considered important elements during CoD (40), a direct comparison
between repeated backward versus RFST on CoD ability needs to be conducted to support this position.

Jumping performance can be used to discriminate between elite and non-elite youth soccer players

(10). The results of our study revealed that RBRT yielded large within-group enhancements for both
CMJ d ES=1.19 [14.5%I3/ and SLJ (ﬂ = L7:8en; £S=1.29
[9.38%]) performance, and moderate (ES=1.10, and 1.05, respectively for CMJ and SLJ) improvements
compared to the CG. These changes are greater than the moderate (9.9%) improvements in CMJ height
previously reported following eight weeks of progressive BR training (44) and provide the first insight

into the effects of BR training on horizontal jump performance. Notably, >95% of the participants in
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the RBRT group improved both CMJ and SLJ performance above the SWC, while only about half of
the CG experienced increases above that level. This suggests that absolute changes of 4.4cm in CMJ
and 17.8cm in SLJ after RBST represent meaningful gains in the vast majority of participants. Though
no previous direct comparisons between RBRT and RFRT exist, the relative improvements in CMJ
following RBRT in the current study are over twice as large as those previously found following
repeated forward running shuttle sprints (7.04%) in a group of 14.5-year-old elite soccer players (5).
Since BR relies predominantly on isometric and concentric actions of the contractile tissues to produce
movements (8,9), this direction of running may lead to muscle action-specific strength improvements
which transfer to athletic movements that depend primarily on concentric muscle functioning of the
quadriceps, such as vertical and horizontal countermovement jumps (45). While interesting to suggest,
the veracity of this theory still requires further investigations to fully support a causal link between
lower body muscle actions and adaptations to jumping ability following BR training.

The ability to repeatedly produce maximal sprint efforts with minimal recovery time is necessary for
highly-trained youth soccer players due to the nature of the bouts of intermittent activity that
characterise match play and training (6). The current RBRT intervention induced moderate within-
group improvements in RSAnest (@bsolute change = 0.25s; ES=-1.01 [-3.19%]), and RSAuwta (absolute
change = 1.3s; ES=-0.94 [-2.76%]) and moderate (ES=-1.11 and -0.77, respectively for RSApest and
RSA totar) increases in these metrics relative to the CG. Furthermore, 80% of the RBRT group improved
both RSAnest and RSAsotal above the SWC, suggesting that alteration in performance equal to the above-
mentioned absolute change values represent meaningful improvements in most participants. These
results are similar to the moderate improvements in RSApest (-2.90%) and RSAmean (-2.61%) observed
in 14-year-old elite male soccer players following repeated forward sprint training in a previous
investigation (5). Together, these findings suggest that RBRT can result in positive meaningful changes
in RSA in youth soccer players which are comparable to the adaptations seen after forward sprint
training. Indeed, performing repeated sprints backward may constitute a more cost-effective means to
improve RSA since BR exerts a high metabolic demand on an individual (16,48), ultimately leading to
approximately 28% greater energy expenditure compared to FR at similar relative intensities (11).
However, further research is necessary to support this position given the lack of direct comparisons
between programmes of volume-equated repeated backward and forward running training.

This study comes with some limitations that the reader should be aware of. Firstly, it was limited to
youth male soccer players meaning it may have low applicability to a youth female population given
the growth and maturational difference between the sexes during adolescence. Secondly, save for
accounting for the number of sessions completed, we did not monitor training load throughout the
intervention by using external and/or internal measures. Thirdly, no direct physiological (e.g.,
electromyography) or biomechanical (e.g., vertical ground reaction force) measures were conducted in
the study. On this basis, future research should include more direct kinetic and kinematic analyses on
the effects of volume-equated repeated backward versus forward sprint training on measures of
strength, speed, and RSA in male youth soccer players.

To sum up, this randomised controlled trial demonstrates that male youth soccer players, who are
already participating in a demanding training schedule, can make further gains in physical fitness if
they replace a part of their standard regimen with an in-season eight weeks twice-weekly programme of
RBRT. While the exact mechanisms underpinning these adaptations remain somewhat ambiguous, the
novel isometric and concentric-focused movement strategy associated with BR appears to produce
unique neuromuscular and metabolic responses which transfer particularly well to the early
acceleration phase of forward sprinting, 180° CoD, slow stretch-shortening cycle jumping (i.e., CMJ
and SLJ) and RSA in youth male soccer players.



441
442
443
444

445
446

447
448
449
450
451
452
453
454
455
456
457
458

ACKNOWLEDGMENTS

No sources of funding were used to assist in the preparation of this manuscript. The authors declare that
they have no conflicts of interest. The authors express their gratitude to the coaches and participants for
their active participation in this study.

Authors’ contributions

YN collected the data, analysed the data, and wrote the manuscript; AU analysed the data and wrote the
manuscript; SS collected the data and wrote the manuscript; RRC wrote the manuscript; JM and HC
conceived the study, and wrote the manuscript. All authors have read and approved the final version of
the manuscript, and agree with the order of presentation of the authors.

Competing interests
The authors declare that they have no competing interests.



459  References:

460 1. Abram, SJ, Poggensee, KL, Sanchez, N, Simha, SN, Finley, JM, Collins, SH, et al. General

461 variability leads to specific adaptation toward optimal movement policies. Curr Biol ,

462 2022.Available from: https://www.sciencedirect.com/science/article/pii/S096098222200584 X
463 2. Beato, M, Bianchi, M, Coratella, G, Merlini, M, and Drust, B. A Single Session of Straight Line
464 and Change-of-Direction Sprinting per Week Does Not Lead to Different Fitness Improvements
465 in Elite Young Soccer Players. J Strength Cond Res 36: 518-524, 2022.

466 3. Bergkamp, TLG, Niessen, ASM, den Hartigh, RuudJR, Frencken, WGP, and Meijer, RR.

467 Methodological Issues in Soccer Talent Identification Research. Sports Med 49: 1317-1335,
468 2019.

469 4. Bishop, D, Girard, O, and Mendez-Villanueva, A. Repeated-Sprint Ability — Part 11. Sports Med
470 41: 741-756, 2011.

471 5. Buchheit, M, Mendez-Villanueva, A, Delhomel, G, Brughelli, M, and Ahmaidi, S. Improving

472 Repeated Sprint Ability in Young Elite Soccer Players: Repeated Shuttle Sprints Vs. Explosive
473 Strength Training. J Strength Cond Res 24: 2715-2722, 2010.

474 6. Buchheit, M, Mendez-villanueva, A, Simpson, BM, and Bourdon, PC. Repeated-Sprint Sequences
475 During Youth Soccer Matches. Int J Sports Med 31: 709-716, 2010.

476 7. Burnie, L, Barratt, P, Davids, K, Stone, J, Worsfold, P, and Wheat, J. Coaches’ philosophies on
477 the transfer of strength training to elite sports performance. Int J Sports Sci Coach 13: 729-736,
478 2018.

479 8. Cavagna, GA, Legramandi, MA, and La Torre, A. Running backwards: soft landing-hard takeoff,
480 a less efficient rebound. Proc R Soc Biol Sci 278: 339-346, 2010.

481 9. Cavagna, GA, Legramandi, MA, and La Torre, A. An analysis of the rebound of the body in
482 backward human running. J Exp Biol 215: 75-84, 2012.

483  10. Coelho E Silva, MJ, Figueiredo, AJ, Simdes, F, Seabra, A, Natal, A, Vaeyens, R, et al.
484 Discrimination of u-14 soccer players by level and position. Int J Sports Med 31: 790-796, 2010.

485 11. Conti, C. The mechanical determinants of energetic cost inbackward running. Humboldt State
486 University, Arcata, CA, USA, 2009.

487 12. Di Mascio, M, Ade, J, Musham, C, Girard, O, and Bradley, PS. Soccer-Specific Reactive
488 Repeated-Sprint Ability in Elite Youth Soccer Players: Maturation Trends and Association With
489 Various Physical Performance Tests. J Strength Cond Res 34: 3538-3545, 2020.

490 13. Dietz, V. Spinal cord pattern generators for locomotion. Clin Neurophysiol 114: 1379-1389,
491 2003.

492  14. Dodd, KD and Newans, TJ. Talent identification for soccer: Physiological aspects. J Sci Med
493 Sport 21: 1073-1078, 2018.



494
495

496
497
498

499
500

501
502
503

504
505
506

507
508

509
510

511
512

513
514

515
516

517
518
519

520
521
522
523

524
525
526

527
528

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Faude, O, Koch, T, and Meyer, T. Straight sprinting is the most frequent action in goal situations
in professional football. J Sports Sci 30: 625-631, 2012.

Flynn, TW, Connery, SM, Smutok, MA, Zeballos, RJ, and Weisman, IM. Comparison of
cardiopulmonary responses to forward and backward walking and running. Med Sci Sports Exerc
26: 89-94, 1994,

Flynn, TW and Soutas-Little, RW. Mechanical power and muscle action during forward and
backward running. J Orthop Sports Phys Ther 17: 108-12, 1993.

Ford, P, De Ste Croix, M, Lloyd, R, Meyers, R, Moosavi, M, Oliver, J, et al. The Long-Term
Athlete Development model: Physiological evidence and application. J Sports Sci 29: 389402,
2011.

Garcia-Ramos, A, Haff, GG, Feriche, B, and Jaric, S. Effects of different conditioning
programmes on the performance of high-velocity soccer-related tasks: Systematic review and
meta-analysis of controlled trials. Int J Sports Sci Coach 13: 129-151, 2018.

Hawley, JA. Adaptations Of Skeletal Muscle To Prolonged, Intense Endurance Training. Clin Exp
Pharmacol Physiol 29: 218-222, 2002.

Hoogkamer, W, Meyns, P, and Duysens, J. Steps forward in understanding backward gait: from
basic circuits to rehabilitation. Exerc Sport Sci Rev 42: 23-9, 2014.

Hopkins, W. Linear models and effect magnitudes for research, clinical and practical applications.
14: 49-58, 2010.

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

Lakens, D. Calculating and reporting effect sizes to facilitate cumulative science: a practical
primer for t-tests and ANOVAs. Front Psychol 4: 863, 2013.

Lloyd, RS, Cronin, JB, Faigenbaum, AD, Haff, GG, Howard, R, Kraemer, WJ, et al. National
Strength and Conditioning Association Position Statement on Long-Term Athletic Development.
J Strength Cond Res 30: 1491-1509, 2016.

Loturco, I, Pereira, LA, Kobal, R, Zanetti, V, Gil, S, Kitamura, K, Cavinato,CCA, Nakamura,
FY. Half-squat or jump squat training under optimum power load conditions to counteract power
and speed decrements in Brazilian elite soccer players during the preseason. J Sports Sci
33(12):1283-92, 2015.

Mehdizadeh, S, Arshi, AR, and Davids, K. Quantifying coordination and coordination variability
in backward versus forward running: Implications for control of motion. Gait Posture 42: 172—
177, 2015.

Mero, A, Komi, PV, and Gregor, RJ. Biomechanics of Sprint Running. Sports Med 13: 376-392,
1992.



529
530
531

532
533

534
535

536
537
538

539
540
541

542
543
544

545
546
547

548
549
550
551

552
553
554

555
556
557

558
559

560
561

562
563
564

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Mirkov, DM, Kukolj, M, Ugarkovic, D, Koprivica, VJ, and Jaric, S. Development of
anthropometric and physical performance profiles of young elite male soccer players: a
longitudinal study. J Strength Cond Res 24: 2677-2682, 2010.

Mirwald, RL, G. Baxter-Jones, AD, Bailey, DA, and Beunen, GP. An assessment of maturity
from anthropometric measurements. Med Sci Sports Exerc 34: 689694, 2002.

Mohr, M, Krustrup, P, and Bangsbo, J. Match performance of high-standard soccer players with
special reference to development of fatigue. J Sports Sci 21: 519-28, 2003.

Negra, Y, Chaabene, H, Fernandez-Fernandez, J, Sammoud, S, Bouguezzi, R, Prieske, O, et al.
Short-Term Plyometric Jump Training Improves Repeated-Sprint Ability in Prepuberal Male
Soccer Players. J Strength Cond Res 34: 3241-3249, 2020.

Negra, Y, Sammoud, S, Nevill, AM, and Chaabene, H. Change of Direction Speed in Youth Male
Soccer Players: The Predictive Value of Anthropometrics and Biological Maturity. Pediatr Exerc
Sci 1-7, 2022.

Negra, Y, Sammoud, S, Ramirez-Campillo, R, Bouguezzi, R, Moran, J, and Chaabene, H. The
effects of repeated sprint training with vs. without change of direction on measures of physical
fitness in youth male soccer players. J Sports Med Phys Fitness , 2022.

Ordway, JD, Laubach, LL, Vanderburgh, PM, and Jackson, KJ. The Effects of Backwards
Running Training on Forward Running Economy in Trained Males. J Strength Cond Res 30: 763—
7, 2016.

Pardos-Mainer, E, Lozano, D, Torrontegui-Duarte, M, Cartén-Llorente, A, and Roso-Moliner, A.
Effects of Strength vs. Plyometric Training Programs on Vertical Jumping, Linear Sprint and
Change of Direction Speed Performance in Female Soccer Players: A Systematic Review and
Meta-Analysis. Int J Environ Res Public Health 18: 401, 2021.

Philippaerts, RM, Vaeyens, R, Janssens, M, Van Renterghem, B, Matthys, D, Craen, R, et al. The
relationship between peak height velocity and physical performance in youth soccer players. J
Sports Sci 24: 221-230, 2006.

Rasica, L, Porcelli, S, Minetti, AE, and Pavei, G. Biomechanical and metabolic aspects of
backward (and forward) running on uphill gradients: another clue towards an almost inelastic
rebound. Eur J Appl Physiol 120: 2507-2515, 2020.

Sarmento, H, Anguera, MT, Pereira, A, and Aradjo, D. Talent Identification and Development in
Male Football: A Systematic Review. Sports Med 48: 907-931, 2018.

Sheppard, JM and Young, WB. Agility literature review: Classifications, training and testing. J
Sports Sci 24: 919-932, 2006.

Terblanche, E, Page, C, Kroff, J, and Venter, RE. The effect of backward locomotion training on
the body composition and cardiorespiratory fitness of young women. Int J Sports Med 26: 214-9,
2005.



565
566

567
568
569

570
571
572

573
574
575
576

577
578
579

580
581
582
583
584

585
586

587

Terblanche, E and Venter, RE. The effect of backward training on the speed, agility and power of
netball players. South Afr J Res Sport Phys Educ Recreat 31: 135-145, 2009.

Uthoff, A, Oliver, J, Cronin, J, Harrison, C, and Winwood, P. A New Direction to Athletic
Performance: Understanding the Acute and Longitudinal Responses to Backward Running. Sports
Med 48: 1083-1096, 2018.

Uthoff, A, Oliver, J, Cronin, J, Harrison, C, and Winwood, P. Sprint-Specific Training in Youth:
Backward Running vs. Forward Running Training on Speed and Power Measures in Adolescent
Male Athletes. J Strength Cond Res 34: 1113-1122, 2020.

Uthoff, A, Oliver, J, Cronin, J, Winwood, P, and Harrison, C. Backward Running: The Why and
How to Program for Better Athleticism. Strength Cond J 41, 2019.Available from:
https://journals.lww.com/nsca-

scj/Fulltext/2019/10000/Backward_Running__The_Why _and_How_to_Program_for.6.aspx

T
.

Wright, S and Weyand, PG. The application of ground force explains the energetic cost of running
backward and forward. J Exp Biol 204: 1805-15, 2001.

Young, WB. Transfer of strength and power training to sports performance. Int J Sports Physiol
Perform 1: 74-83, 2006.



[ Enrollment ]

Assessed for eligibility (n=36)

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

A\ 4

Declined to participate (n=0)
7 Other reasons (n=0)

Randomized (n=36)

Allocation
A 4 Y
Allocated to intervention (n=20) Allocated to intervention (n=16)
L Received allocated intervention (n=20) L Received allocated intervention (n=16)
r Did not receive allocated intervention (give r Did not receive allocated intervention (give
reasons) (n=0) reasons) (n=0)
Follow-Up ]
A 4
Lost to follow-up (give reasons) (n=0) Lost to follow-up (give reasons) (n=0)
Discontinued intervention (give reasons) (n=0) Discontinued intervention (give reasons) (n=0)
l Analysis ]

Analysed (n=20)
r Excluded from analysis (n=0)

Analysed (n=16)
0 Excluded from analysis (n=0)

Figure_1. The diagram (The CONSORT: Consolidated Standards of Reporting Trials) includes detailed information

on the interventions received.
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Table 1. Anthropometric characteristics of the included participants.

RBRT group (n= 20) CG (n=16)
Age (years) 13.95+0.22 14.86+0.29
Height (m) 166.49+8.91 170.31+3.82
Body mass (kg) 50.96+6.82 56.49+5.09
Maturity offset (years)* -0.62+0.61 0.14+0.63

Notes: Data are presented as means and standard deviations; RBRT= repeated
backward running training; CG = control group; *: as years from peak height

velocity.



Table 3. Descriptive performance testing results for RBRT and CG groups, including within-group changes from pre-training to post-training and between-group

differences in the mean changes.

Table 2. Repeated backward Funning training program.

Week 1 3 x7x20*
Week 2 3x7x20
Week 3 3x7x20
Week 4 2x7x20
Week 5 4 x7x20
Week 6 4x7x20
Week 7 4 x7x20
Week 8 3x7x20

*: denotes sets x repetitions x distance (m).

Group Pre Post Post-Pre % Difference  Post-Pre Training Effect Size  Difference RBST RBRT — CG Effect Size
(n+ SD) (wxSD) (95% CL) (95% CL) -CG (95% CL)
(1% SE)
S5msprint(s) RBST 1.07£0.06  0.96+0.06 -9.99 (-13.0t0 -6.99) -1.79 (-2.52 to -1.06) -0.20+0.04 + -2.23(-3.06 t0 -1.39) B
CG 0.96+0.11  1.04+0.07 10.4(3.51t017.3) * 0.91 (-0.39 to 1.06)
10msprint(s) RBRT  1.89+0.06  1.84+0.06 -2.39(-3.42t0-1.32) ¥ -0.74 (-1.38 to -0.10) -0.14+0.04 + -1.24 (-1.96 to -0.52) B
CG 1.70+0.15  1.79+0.09 6.03 (1.551t0 10.5) * 0.73 (-0.45 t0 0.98)
20msprint (s) RBRT  3.31+0.11  3.24+0.09 -2.24(-3.21t0-1.28) } -0.75 (-1.39to -0.11) -0.11+0.05 * -0.70 (-1.37 t0 -0.02) B
CG 3.10+0.21  3.14+0.13 1.55 (-1.45 to 4.56) 0.22 (-0.62 t0 0.77)
505 CoD (s) RBRT 250+0.14  2.35+0.12 -5.67(-8.12t0-3.22) -1.12 (-1.79 to -0.45) -0.29+0.04 + -2.16 (-2.99 to -1.34) B
CG 2.41+0.12  2.55%0.12 5.84 (4.59t07.08) 1.17 (-0.30 to 1.20)
CMJ (cm) RBRT 31.0+3.47  35.4+3.78 14.5(9.65t012.1) 1.19 (0.52 to 1.86) 4.27+0.82 1.10 (0.40t0 1.81) B
CG 3274432 3224451 0.25 (-2.85 t0 3.35) 0.01 (-0.69 t0 0.70)
SLJ (cm) RBRT 191.1+12.08 208.9+153 9.38 (6.66t012.1) 1.29 (0.61 t0 1.97) 16.1+£3.93 T 1.05(0.35t0 1.75) B
CG  203.6+18.61 205.2+20.2 1.02 (2.78 t0 4.82) 0.08 (-0.66 to 0.72)
RSAGest (S) RBRT 7.77+0.22  7.52+0.27 -3.19 (-4.29 to -2.08) t -1.01 (-1.67 to -0.35) -0.28+0.05 -1.11(-1.82t0-0.41)8
CG 7.1940.28  7.22+0.26 0.45 (-0.34t0 1.24) 0.11 (-0.65t0 0.73)
RSAwtal (S) RBRT 45.3+1.27  44.0+1.40 -2.76(-3.75t0-1.77) -0.94 (-1.59 to -0.29) -1.12+0.30 -0.77 (-1.4510 0.09) B
CG 44.6£1.65  44.5+1.63 -0.30 (-1.14 to 0.53) -0.09 (-0.72 to 0.66)

RBRT = repeated backward funning training group; CG = control group; CL = confidence limit; u = mean; SD = standard deviation; SE = standard error; CoD=
change of direction; CMJ=countermovement jump; SLJ= standing long jump; RSAes: = repeated sprint ability for fastest time; RSAww= repeated sprint ability of total
time; B = training effect towards RBST; * = p < 0.05; T =p <0.001.



