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Abstract
To better understand the detraining effects in soccer, the purpose of the study was to analyse if performance level of soccer players modulate repeated-sprint ability (RSA) and intermittent endurance changes during 2-weeks of detraining (i.e., in-season break). Seventeen
professional and sixteen young elite soccer players of two different teams performed, before
and after 2-weeks of detraining, the RSA test and the Yo-Yo Intermittent Recovery Test,
level 1 (YYIR1). Before detraining, professional players perform better (p < 0.05) RSA best
time (RSAbest) than young players. A decrease (p < 0.05) in RSAbest, RSA total time
(RSAtotal) and mean time (RSAmean) performance was observed in both teams, without
changes in RSA fatigue index (Sdec). No significant changes in distance covered during
YYIR1 was observed in any team. Before detraining, faster players from both teams (FG)
(following the median split technique, soccer players with RSAbest  3.95 s) performed better (p < 0.01) in RSAtotal, RSAmean and RSAbest, but worse (p < 0.01) in Sdec. Although FG
and the slower players (SG, RSAbest > 3.95 s) showed a worse (p < 0.05) RSAtotal, RSAbest
and RSAmean performance after detraining (ES = 1.5, 1.4 and 2.9; ES = 0.6, 1.2 and 0.6; for
FG and SG, respectively), the deterioration was greater in the FG for RSAbest (p < 0.05) and
RSAtotal (ES = 1.46). After detraining, FG improved (p < 0.05) Sdec performance. In conclusion, a 2-week in-season break (detraining) period induced a worse RSA, with no effect on
intermittent endurance in professional and elite young soccer players, with greater detrimental effects on RSAtotal and RSAbest in FG. In addition, Sdec does not seem to be sensitive to
changes in RSA after a 2-week in-season break.
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Introduction
The ability to perform short-duration multiple sprints interspersed with short recovery times
has been termed “repeated-sprint ability” (RSA) [1]. Although debate exists regarding the
main factors determining soccer performance [2], the importance of RSA is recognized [3,4].
For instance, significant correlation exists between very-high intensity running distances covered during matches and mean sprint time on a RSA test [5]. Besides this, single and repeatedsprint efforts are frequently involved in crucial moments of match-play [6], including creation
of goal scoring opportunities. Therefore, constant evaluation of RSA throughout the season
can provide valuable information to coaches and athletes.
In addition to RSA, intermittent high-intensity endurance is also considered crucial to
performance in soccer [7]. Although the importance of total running distance covered at
high-intensity in soccer could be masked by the technical-tactical level of a team [8], players
at a higher standard of competition tend to perform significantly more high-intensity running than those at a lower standard [9], and this ability can be assessed by the Yo-Yo intermittent recovery test, level 1 (YYIR1) [10]. Previous studies have shown no effects of
detraining after one week in the Yo-Yo Intermittent Recovery Test, level 2 [11]. However,
significant (p < 0.01) detrimental effects of ~5 and ~22% after three days and 2-weeks of
inactivity, respectively, was reported in a study [12]. Aside from the lack of agreement
across studies, to our knowledge, no study has analyzed the effects of short-term detraining
after an in-season break using the YYIR1 as a marker of performance. Despite YYIR1 and
YYIR2 test performances correlate very largely [13], the lower level of speed effort required
by the YYIR1 might better detect changes in aerobic fitness of players after a detraining
period.
The effects of different training programs on RSA have been assessed in soccer players [14–
17]. However, the impact of in-season unloading or detraining on RSA in soccer players
remains unresolved. For instance, previous studies have analyzed the effects of 1- [11] or
2-week [12,18] off-season detraining periods on RSA (complete interruption of training),
showing detrimental effects of ~2% after two weeks for RSA total time and ~3% for sprinting
speed in the last five repetitions during a 20-m RSA test with a total of 10 repetitions [18].
However, RSA best time and RSA fatigue index were not affected after 2-weeks of inactivity
[12,18]. Possibly, the loading pattern (e.g., deliberate overload leading to overreaching) and
the athlete’s performance level previous to detraining might modulate such changes. A better
understanding of this phenomenon is relevant since most soccer leagues encompass a period
without competitive matches [19] or in-season break detraining period.
Similar to off-season breaks, in-season breaks can also lead to short-term detraining
[12,18,20]. This may induce cardiovascular and neuromuscular deconditioning [21], which
can potentially impair RSA. Notably, RSA is related to chronological age [1], competitive level
[4] and intermittent high-intensity endurance [22]. However, the interaction between detraining, RSA, age, competitive level, and intermittent high-intensity endurance is unknown and
needs to be clarified.
RSA is usually assessed by the total time (RSAtotal) [23], mean time (RSAmean) [4,24], best
time (RSAbest) [14], and fatigue index or the percentage decrement score (Sdec) [25]. Although
Sdec is considered a reliable RSA marker [26], recent research has suggested that “absolute”
performance values (i.e., total, mean and best times) can be more reliable and sensitive to
training effects [4,27]. In response to detraining Sdec showed contradictory results, with significant (p = 0.04) detrimental changes (5.8 ± 2.8% to 7.8 ± 3.2%) [11] or no significant changes
(5.9 ± 2.3% to 7.6 ± 2.8%) [12] after 1 or 2-week of detraining, respectively. The knowledge of
the extent of RSA responses to a short-term detraining period can help physical trainers to
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foresee eventual changes during the in-season breaks, and to implement adequate training
strategies to optimize fitness levels and training time after returning from the break.
Therefore, the main aim of the study was to analyse if initial performance level (sprinting
speed) of soccer players modulates repeated-sprint ability (RSA) and intermittent endurance
changes during 2-weeks of detraining (i.e., in-season break). A substantial detraining effect for
both professional senior and young elite soccer players and the influence of “baseline” fitness
level (pre-detraining) on this effect were assumed as the working hypotheses of this study.

Material and methods
Study design
The 2-week in-season break period took place during the mid-phase of the season (i.e., Christmas holidays), with players not involved in any competitive game or training session (team or
individual session) during this period. Specifically, players were asked to refrain for any type of
physical activity training (other than daily life physical activity) during the in-season break.
After the break, players were individually interviewed to assess the level of accomplishment of
the aforementioned requirement. In addition, players were asked to reduce meaningful
changes in their diet, although this was not controlled. The same training week was reproduced before and after the 2-week Christmas break (Table 1). The tests were imbedded into
the training sessions, so that there was no disturbance to the training plan. During day one,
anthropometry (ISAK procedure) and RSA test were performed (16:30 to 18:30 pm) and, during day two, the YYIR1 was completed (16:30 pm) and used to estimate VO2max of soccer
players [13]. Prior to the two exercise tests, soccer players performed the same warm-up (i.e.,
low-intensity running, dynamic flexibility, 20-m run-ups). Participants were fully familiarized
with testing protocols, which were routinely performed in the respective investigated clubs.
Athletes refrained from vigorous high-intensity exercise 24 hours before testing sessions and
were instructed to maintain normal daily food and water intake and to avoid any leisure sport
activity or self-administered exercise throughout the study period. Players were required to
wear their usual training uniforms and football boots during the tests, performed in their
respective habitual training venues.

Participants
Male professional senior (n = 17, PT; age: 24.0 ± 2.8 years; height: 179.6 ± 1.8 cm; body mass:
74.5 ± 4.6 kg; VO2max: 58.29 ± 3.0 mlkg-1min-1) and young soccer players (n = 16, YT;
age: 18.3 ± 0.8 years; height: 173.5 ± 9.9 cm; body mass: 65.4 ± 1.3 kg; VO2max: 54.65 ± 2.1
mlkg-1min-1) volunteered for the investigation. Players from both teams had a minimum soccer experience of 7 years at the commencement of the study. Bout groups performed three
(YT) to four (PT) training sessions and one national-level match per week, in the three months
preceding this study. Written informed consent was signed by all players (and their parents or
Table 1. Schematic representation of a training week before the intervention period in young (YT) and professional (PT) soccer players.
Monday

Tuesday Wednesday

Thursday

Friday

Saturday

Sunday

YT Strength/power and
injury prevention

RSA test, small sided games (4 vs 4 to
6 vs 6), aerobic power and tactical
drills

Yo-Yo test, speed/reaction
soccer and tactical work
game

Official
match

PT Strength/power and
injury prevention

RSA test, small sided games (4 vs 4 to
6 vs 6), aerobic power and tactical
drills

Yo-Yo test, speed/reaction
Strength/power and tactical
work game (match simulation) soccer and strategy drills

Activation Official
match

RSA: repeated-sprint ability
https://doi.org/10.1371/journal.pone.0201111.t001
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guardians for under 18 years of age athletes) after a brief but detailed explanation about the
aims, benefits, and risks involved with this investigation. The study was conducted according
to the Declaration of Helsinki and the Institutional Research Ethics Committee (Universidad
Isabel I) granted approval for the study.

Yo-Yo intermittent recovery test
Athletes completed the YYIR1 test as previously described [26]. Running speed was set through
an acoustic signal amplified by speakers (SONY-ENG2031, Japan), connected to a notebook
(Acer TravelMater 57201, Taiwan). Maximal heart rate was measured with a heart rate monitor (Polar Team Sport System1, Polar Electro Oy, Finland) and total distance was recorded by
the number of runs. The test was finished when i) subjects were unable to complete two consecutive 20-m runs at the pace dictated by the acoustic signal, or ii) when athletes achieved volitional exhaustion [28]. Subjects were instructed and motivated to achieve maximal effort
during testing (validated by the achievement of ±10% of predicted maximal heart rate).

Repeated-sprint ability test
The RSA test involved eight maximal 30-m sprints, separated by 25 seconds of active recovery
between sprints. Approximately two seconds before each sprint subjects assumed the start
position [14] with the front foot placed 0.5 m behind the first photocell (DSD Laser System1,
Leon, Spain), as previously described [23]. Immediately after the warm-up, each player completed a single criterion-reference sprint and this trial was used as the criterion score during the
subsequent sprints [4]. Then, athletes rested for 5 minutes before commencement of the RSA
test. If the first sprint-time of the RSA test was 2.5% greater (i.e., worse) than the criterion-reference sprint time, subjects were requested to rest for further 5 minutes and then restart the test.
The RSAbest, RSAmean, RSAtotal and Sdec [4,5,14] were determined. The Sdec was calculated as
(RSAtotal/(RSAbest × total number of sprints) × 100)– 100 [26].

Statistical analyses
The results are expressed as mean ± standard deviation (SD). The change in tests performance
is presented as percentage (Δ = [after value—before value] / before value). In addition to the
comparison between PT and YT, the median split technique was used to divide the pooled participants into fast (FG) and slow (SG) performers, according to the median value calculated to
RSAbest [5,27]. Normal distribution of data was confirmed by using Kolmogorov-Smirnov test
and normal probability plot. A two-way ANOVA with repeated measures on time [before vs.
after intervention] × team [professional vs. young players]) and time [before vs. after intervention] × group [fast vs. slow players] was used to analyse results. When a significant F value was
found, Bonferroni’s post hoc test was applied to establish differences between means. Cohen’s
d effect size (ES) was calculated and qualitatively assessed as trivial (0–0.19), small (0.20–0.49),
medium (0.50–0.79) and large (0.80 and greater) [28]. The p<0.05 criterion was used to establish statistical significance. Analyses were performed using standard statistical software (SPSS,
v.17.0, Chicago, Illinois, USA).

Results
Yo-Yo intermittent recovery test
The YYIR1 performance was not significantly affected (p > 0.05) by the in-season break (PT:
before 2,368 ± 265 m, after 2,256 ± 283 m ES = 0.42; YT: before 2,054 ± 289 m, after 1,986 ±
321 m ES = 0.23).
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Table 2. RSA in professional (PT; n = 17) and young elite (YT; n = 16) soccer players.

RSAbest (s)
RSAmean (s)
RSAtotal (s)
Sdec (%)

Before

After

Δ

ES

YT

4.03 ± 0.15

4.11 ± 0.14 

1.9 ± 3.0

1.03 (large)

PT

3.92 ± 0.11 †

4.04 ± 0.13 

3.0 ± 2.7

1.03 (large)

YT

4.19 ± 0.12

4.26 ± 0.17 

1.7 ± 2.6

0.65 (medium)



PT

4.12 ± 0.12

4.22 ± 0.12

2.3 ± 2.6

1.03 (large)

YT

33.52 ± 0.97

34.12 ± 1.40 

1.7 ± 2.6

0.51 (medium)

PT

32.91 ± 0.91

33.80 ± 0.94 

2.3 ± 2.6

1.03 (large)

YT

3.90 ± 1.65

3.69 ± 1.61

-0.21 ± 2.2

0.13 (trivial)

PT

5.21 ± 1.91

4.48 ± 2.14

-0.73 ± 2.4

0.36 (small)

RSA: repeated sprint ability; RSAbest, RSAmean and RSAtotal: best, mean and total time in the RSA test, respectively; Sdec: percentage decrement score; Δ: percentage
change; ES: effect size.
 
†

, : denote difference compared with before values (p < 0.05 and p < 0.01, respectively);
: denote difference between teams (p < 0.05).

https://doi.org/10.1371/journal.pone.0201111.t002

Repeated-sprint ability test
Regarding the effects of in-season break according to playing level, before detraining, PT
showed significantly (p < 0.05) better RSAbest than YT (~ 2.8%) (Table 2). The RSAbest,
RSAmean and RSAtotal performance was worsened after the in-season break in both YT
(p < 0.05) and PT (p < 0.01) (Table 2), with no difference between PT and YT.
Regarding the effects of in-season break according to baseline RSA performance, the
median of the RSAbest was 3.95 s (27.3 kmh-1), categorizing players into FG (< 3.95 s) and SG
( 3.95 s) (Table 3). The FG group (n = 14) was composed of 8 professional and 6 young soccer players. The SG (n = 19) was composed of 9 professional and 10 young soccer players.
Before detraining, the FG showed better performances in RSAbest (~ 6.8%), RSAmean (~ 4.1%),
and RSAtotal (~ 4.1%), (p < 0.01; Table 3), confirming the appropriateness of the median split
technique. The players from the FG showed a greater impairment in the RSAbest (ES = 2.09),
RSAmean (ES = 1.04) and RSAtotal (ES = 1.46) than the players from the SG (ES = 0.56, 1.02,
0.58, respectively) (Table 3).

Table 3. RSA in slow (SG, n = 19) and fast (FG, n = 14) performers€.
Before
RSAbest (s)
RSAmean (s)
RSAtotal (s)
Sdec (%)

After


Δ

ES

SG

4.08 ± 0.02

4.14 ± 0.03

1.5 ± 2.6

0.56 (medium)

FG

3.82 ± 0.02 ††

3.98 ± 0.04 

4.0 ± 2.5 †

2.09 (large)

SG

4.23 ± 0.02

4.31 ± 0.03 

2.0 ± 2.6

1.02 (large)

FG

4.06 ± 0.03 ††

4.16 ± 0.04 

2.2 ± 2.5

1.04 (large)

SG

33.81 ± 0.19

34.49 ± 0.26 

2.0 ± 2.6

0.58 (medium)

FG

32.45 ± 0.7 ††

33.21 ± 0.29 

2.2 ± 2.5

1.46 (large)

SG

3.64 ± 0.52

4.25 ± 2.01

0.5 ± 1.9

0.29 (small)

FG

5.91 ± 1.92 ††

3.93 ± 1.84 

-2.0 ± 2.2 †

1.13 (large)

€

: the median split technique was used to divide subjects into FG and SG performers, according to median RSAbest of 3.95 s; RSA: repeated sprint ability; RSAbest,

RSAmean and RSAtotal: best, mean and total time in the RSA test, respectively; Sdec: percentage decrement score; Δ: percentage change; ES: effect size.
 

,

†, ††

: denote difference compared with before values (p < 0.05 and p < 0.01, respectively);
: denote difference between SG and FG (p < 0.05 and p < 0.01, respectively).

https://doi.org/10.1371/journal.pone.0201111.t003
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Discussion
The main aim of the study was to analyse if initial performance level (sprinting speed) of soccer players can modulate repeated-sprint ability (RSA) and intermittent endurance changes
during 2-weeks of detraining (i.e., in-season break). The major findings showed detrimental
changes in RSA, but not intermittent endurance performance, in both PT and YT. Also,
RSAbest was greatly impaired in FG compared to SG players (p<0.05, with a large 2.09 ES versus medium 0.56 ES), as well as RSAtotal (large 1.46 ES versus medium 0.58 ES).
To our knowledge, this is the first controlled study showing the response of YYIR1 and
RSA performance after an in-season break. However, a previous study [29] analysed the effects
of a 2-weeks in-season break on male professional (age, 24.3 ± 4.2 years) Australian Football
player’s fitness, including skinfolds, and heart rate plus rating of perceived exertion while
plyers performed submaximal running velocity (12 kmh-1), high-intensity intermittent running exercise, and a standardized handball game. The aforementioned study showed increased
levels of strength and cardiorespiratory fitness, despite a small increase in skinfold thickness.
However, the athletes did not fully stop training, contrary to our study where soccer players
interrupted training completely. In addition, in the aforementioned study, the authors did not
control the training that athletes completed during the break. It is possible that the break
allowed players to come back in January well recovered with preserved or even increased levels
of strength and cardiorespiratory fitness.
According to our results, a complete reduction of training during 2-weeks of in-season
break did not affect YYIR1 performance in PG or YG. Accordingly, high-intensity intermittent
endurance performance might be more resilient to detraining [30] than some of its physiological correlates, such as maximal oxygen uptake (VO2max) [31], and other factors affecting
high-intensity intermittent endurance performance [13].
Of note, FG players showed greater impairment in RSAbest performance after detraining
compared to SG players. Due to their greater initial performance level, FG players may have
experienced greater detraining effects [31], with increased negative effects on fast-twitch muscle fibers [32], the ability to use ATP and phosphocreatine [33], accompanied with greater production of metabolic by-products [34], which may negatively affect motor units recruitment
and synchronization [35], and thus RSA [36]. In a similar study, faster futsal players assessed
at the beginning of the pre-season also lost more of their sprinting speed than their slower
peers [37]. In summary, independent from age, compared to slower players, faster players
seem to be more negatively affected in their RSA by detraining. Therefore, fast team sports
players may need more attention from technical staffs due to their tendency to lose their sprint
quality in several phases of the preparation.
The FG players showed an enhanced Sdec performance after detraining. Although tapering
effects may help explain this result [38], no other RSA value was improved after detraining.
Previous studies have found worsening (5.8 ± 2.8% vs 7.8 ± 3.2%, p = 0.04) or maintenance
(5.9 ± 2.3% vs 7.6 ± 2.8%) of Sdec after one [11] or two [12] weeks of detraining, respectively.
Rapid RSA impairment with detraining might be related to reductions in resting phosphorylation status of the Na+-K+ pump [18]. The different RSA testing protocols used between studies
may partially help to explain the relatively different results. However, the relationship between
Sdec and the performance achieved in the first sprint may also contribute to the different
results. In this sense, a slower first sprint (i.e., impaired sprint performance after detraining)
will induce a reduction in Sdec values[39], which is translated into a false-positive improvement
of Sdec. Thus, a more probable explanation stems on the poor validity and sensitivity of Sdec to
detect actual performance impairment during RSA test and negative changes expected in
response to short-term detraining. Although Sdec have been presented as a reliable marker of
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RSA performance [26], its use have been questioned, given that Sdec is the least reliable parameter calculated from RSA tests [4]. In fact, Sdec have showed poor sensitivity to training [3].
Hence, it appears that Sdec is a poor indicator of RSA performance changes in response to an
in-season break period in soccer. It is possible that, for a better assessment of Sdec, the ideal
sprint performance at the moment of RSA measurement should not be considered, but to take
into account the better sprint of the athlete for the given sprint distance.
One potential limitation of this study was the estimation of VO2max through the YYIR1
test, since it could not be determined during laboratory-based maximal graded test. The direct
measurement of VO2max (and metabolic thresholds) could offer more physiological information regarding the effects of detraining in soccer.

Conclusion
A 2-week in-season break (detraining) period impaired RSA, with no effect on intermittent
endurance in professional and elite young soccer players, with greater impairment of RSAtotal
and RSAbest in faster players, independent of their age category. In addition, Sdec does not
seem to be sensitive to changes in RSA after a 2-week in-season break. Coaches should take
these findings into consideration for appropriate training schedule after in-season break in
order to regain the performance indices lost during the break.

Practical applications
According to our results (poorer RSA after a 2-weeks in-season break), coaches and practitioners should considered an individualization of training loads during such periods, considering
principles such as the minimal-effective dose, especially for players with greater fitness level, as
these may be negatively affected to a greater magnitude by short-detraining periods.
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Nakamura.
Project administration: Alejandro Rodrı́guez-Fernández, Javier Sánchez-Sánchez.

PLOS ONE | https://doi.org/10.1371/journal.pone.0201111 August 15, 2018

7 / 10

Effects of detraining on repeated-sprint ability and intermittent endurance

Resources: Alejandro Rodrı́guez-Fernández.
Supervision: Javier Sánchez-Sánchez.
Writing – original draft: Alejandro Rodrı́guez-Fernández, Javier Sánchez-Sánchez, Rodrigo
Ramirez-Campillo, Fabio Yuzo Nakamura.
Writing – review & editing: Alejandro Rodrı́guez-Fernández, Javier Sánchez-Sánchez,
Rodrigo Ramirez-Campillo, José Antonio Rodrı́guez-Marroyo, José Gerardo Villa Vicente,
Fabio Yuzo Nakamura.

References
1.

Mujika I, Spencer M, Santisteban J, Goiriena JJ, Bishop D. Age-related differences in repeated-sprint
ability in highly trained youth football players. J Sport Sci. 2009/12/08. 2009; 27: 1581–1590. https://doi.
org/10.1080/02640410903350281 PMID: 19967589

2.

Reilly T, Gilbourne D. Science and football: a review of applied research in the football codes. J Sport
Sci. 2003/10/29. 2003; 21: 693–705. https://doi.org/10.1080/0264041031000102105 PMID: 14579867

3.

Iaia F, Fiorenza M, Perri E, Alberti G, Millet GP, Bangsbo J. The Effect of Two Speed Endurance Training Regimes on Performance of Soccer Players. PLoS One. 2015/09/24. 2015; 10: e0138096. https://
doi.org/10.1371/journal.pone.0138096 PMID: 26394225

4.

Impellizzeri FM, Rampinini E, Castagna C, Bishop D, Ferrari Bravo D, Tibaudi A, et al. Validity of a
repeated-sprint test for football. Int J Sport Med. 2008/04/17. 2008; 29: 899–905. https://doi.org/10.
1055/s-2008-1038491 PMID: 18415931

5.

Rampinini E, Bishop D, Marcora S, Ferrari Bravo D, Sassi R, Impellizzeri F. Validity of simple field tests
as indicators of match-related physical performance in top-level professional soccer players. Int J Sport
Med. 2006/10/07. 2007; 28: 228–235. https://doi.org/10.1055/s-2006-924340 PMID: 17024621

6.

Oliver JL, Armstrong N, Williams CA. Relationship between brief and prolonged repeated sprint ability.
J Sci Med Sport. 2007/12/14. 2009; 12: 238–243. https://doi.org/10.1016/j.jsams.2007.09.006 PMID:
18077213

7.

Iaia F, Rampinini E, Bangsbo J. High-intensity training in football. Int J Sport Physiol Perform. 2009/12/
04. 2009; 4: 291–306. Available: http://www.ncbi.nlm.nih.gov/pubmed/19953818

8.

Bradley PS, Carling C, Gomez Diaz A, Hood P, Barnes C, Ade J, et al. Match performance and physical capacity of players in the top three competitive standards of English professional soccer. Hum
Mov Sci. 2013/08/28. 2013; 32: 808–821. https://doi.org/10.1016/j.humov.2013.06.002 PMID:
23978417

9.

Bangsbo J, Norregaard L, Thorso F. Activity profile of competition soccer. Can J Sport Sci. 1991/06/01.
1991; 16: 110–116. Available: http://www.ncbi.nlm.nih.gov/pubmed/1647856 PMID: 1647856

10.

Mohr M, Krustrup P, Bangsbo J. Match performance of high-standard soccer players with special reference to development of fatigue. J Sport Sci. 2003/07/10. 2003; 21: 519–528. https://doi.org/10.1080/
0264041031000071182 PMID: 12848386

11.

Joo CH. The effects of short-term detraining on exercise performance in soccer players. J Exerc Rehabil. 2016; 12: 54–59. https://doi.org/10.12965/jer.160280 PMID: 26933661

12.

Christensen PM, Krustrup P, Gunnarsson TP, Kiilerich K, Nybo L, Bangsbo J. VO2 kinetics and performance in soccer players after intense training and inactivity. Med Sci Sport Exerc. 2011; 43: 1716–
1724. https://doi.org/10.1249/MSS.0b013e318211c01a PMID: 21311360

13.

Bangsbo J, Iaia FM, Krustrup P. The Yo-Yo intermittent recovery test: a useful tool for evaluation of
physical performance in intermittent sports. Sport Med. 2007/12/18. 2008; 38: 37–51.

14.

Buchheit M, Mendez-Villanueva A, Delhomel G, Brughelli M, Ahmaidi S. Improving repeated sprint ability in young elite soccer players: repeated shuttle sprints vs. explosive strength training. J Strength
Cond Res. 2010/03/13. 2010; 24: 2715–2722. https://doi.org/10.1519/JSC.0b013e3181bf0223 PMID:
20224449

15.

Campos-Vazquez MA, Romero-Boza S, Toscano-Bendala FJ, Leon-Prados JA, Suarez-Arrones LJ,
Gonzalez-Jurado JA. Comparison of the effect of repeated-sprint training combined with two different
methods of strength training on young soccer players. J Strength Cond Res. 2014/09/17. 2015; 29:
744–751. https://doi.org/10.1519/JSC.0000000000000700 PMID: 25226307

16.

Iaia F, Fiorenza M, Larghi L, Alberti G, Millet G, Girard O. Short-or long-rest intervals during repeatedsprint training in soccer? Csernoch L, editor. PLoS One. 2017; 12: e0171462. https://doi.org/10.1371/
journal.pone.0171462 PMID: 28199402

PLOS ONE | https://doi.org/10.1371/journal.pone.0201111 August 15, 2018

8 / 10

Effects of detraining on repeated-sprint ability and intermittent endurance

17.

Owen AL, Wong del P, Paul D, Dellal A. Effects of a periodized small-sided game training intervention
on physical performance in elite professional soccer. J Strength Cond Res. 2012/09/25. 2012; 26:
2748–2754. https://doi.org/10.1519/JSC.0b013e318242d2d1 PMID: 23001394

18.

Thomassen M, Christensen PM, Gunnarsson TP, Nybo L, Bangsbo J. Effect of 2-wk intensified training
and inactivity on muscle Na+-K+ pump expression, phospholemman (FXYD1) phosphorylation, and
performance in soccer players. J Appl Physiol. 2010; 108: 898–905. https://doi.org/10.1152/
japplphysiol.01015.2009 PMID: 20133439

19.

Bangsbo J. Energy demands in competitive soccer. J Sports Sci. 1994; 12 Spec No: S5–12. Available:
http://www.ncbi.nlm.nih.gov/pubmed/8072065

20.

Melchiorri G, Ronconi M, Triossi T, Viero V, De Sanctis D, Tancredi V, et al. Detraining in young soccer
players. J Sport Med Phys Fit. 2014; 54: 27–33. Available: http://www.ncbi.nlm.nih.gov/pubmed/
24445542

21.

Mujika I, Padilla S. Muscular characteristics of detraining in humans. Med Sci Sport Exerc. 2001/07/28.
2001; 33: 1297–1303.

22.

Chaouachi A, Manzi V, Wong del P, Chaalali A, Laurencelle L, Chamari K, et al. Intermittent endurance
and repeated sprint ability in soccer players. J Strength Cond Res. 2010/09/18. 2010; 24: 2663–2669.
https://doi.org/10.1519/JSC.0b013e3181e347f4 PMID: 20847706

23.

Rodriguez-Fernandez A, Sanchez Sanchez J, Rodriguez-Marroyo JA, Casamichana D, Villa JG.
Effects of 5-week pre-season small-sided-game-based training on repeat sprint ability. J Sports Med
Phys Fitness. Italy; 2017; 57: 529–536. https://doi.org/10.23736/S0022-4707.16.06263-0

24.

Buchheit M. Repeated-sprint performance in team sport players: associations with measures of aerobic
fitness, metabolic control and locomotor function. Int J Sport Med. 2012/02/01. 2012; 33: 230–239.
https://doi.org/10.1055/s-0031-1291364 PMID: 22290323

25.

Glaister M. Multiple-sprint work: methodological, physiological, and experimental issues. Int J Sport
Physiol Perform. 2009/02/06. 2008; 3: 107–112. Available: http://www.ncbi.nlm.nih.gov/pubmed/
19193958

26.

Glaister M, Howatson G, Pattison JR, McInnes G. The reliability and validity of fatigue measures during
multiple-sprint work: an issue revisited. J Strength Cond Res. 2008/08/21. 2008; 22: 1597–1601.
https://doi.org/10.1519/JSC.0b013e318181ab80 PMID: 18714226

27.

Buchheit M. Fatigue during Repeated Sprints: precision needed. Sport Med. 2012/01/12. 2012; 42:
165–167. https://doi.org/10.2165/11598220-000000000-00000 PMID: 22233536

28.

Krustrup P, Mohr M, Amstrup T, Rysgaard T, Johansen J, Steensberg A, et al. The yo-yo intermittent
recovery test: physiological response, reliability, and validity. Med Sci Sport Exerc. 2003/04/04. 2003;
35: 697–705. https://doi.org/10.1249/01.MSS.0000058441.94520.32 PMID: 12673156

29.

Buchheit M, Morgan W, Wallace J, Bode M, Poulos N. Physiological, psychometric, and performance
effects of the Christmas break in Australian Football. Int J Sports Physiol Perform. 2015; 10: 120–123.
https://doi.org/10.1123/ijspp.2014-0082 PMID: 24806508

30.

Nakamura FY, Suzuki T, Yasumatsu M, Akimoto T. Moderate running and plyometric training during
off-season did not show a significant difference on soccer-related high-intensity performances compared with no-training controls. J Strength Cond Res. 2012; 26: 3392–3397. https://doi.org/10.1519/
JSC.0b013e3182474356 PMID: 22207263

31.

Mujika I, Padilla S. Detraining: loss of training-induced physiological and performance adaptations. Part
I: short term insufficient training stimulus. Sport Med. 2000/08/31. 2000; 30: 79–87. Available: http://
www.ncbi.nlm.nih.gov/pubmed/10966148

32.

Kuzon WM Jr., Rosenblatt JD, Huebel SC, Leatt P, Plyley MJ, McKee NH, et al. Skeletal muscle fiber
type, fiber size, and capillary supply in elite soccer players. Int J Sport Med. 1990/04/01. 1990; 11: 99–
102. https://doi.org/10.1055/s-2007-1024770 PMID: 2338382

33.

Greenhaff PL, Nevill ME, Soderlund K, Bodin K, Boobis LH, Williams C, et al. The metabolic responses
of human type I and II muscle fibres during maximal treadmill sprinting. J Physiol. 1994/07/01. 1994;
478 (Pt 1: 149–155. Available: http://www.ncbi.nlm.nih.gov/pubmed/7965830

34.

Ratel S, Williams CA, Oliver J, Armstrong N. Effects of age and recovery duration on performance during multiple treadmill sprints. Int J Sport Med. 2006/01/03. 2006; 27: 1–8. https://doi.org/10.1055/s2005-837501 PMID: 16388435

35.

Esbjornsson-Liljedahl M, Sundberg CJ, Norman B, Jansson E. Metabolic response in type I and type II
muscle fibers during a 30-s cycle sprint in men and women. J Appl Physiol. 1999/10/12. 1999; 87:
1326–1332. Available: http://www.ncbi.nlm.nih.gov/pubmed/10517759 PMID: 10517759

36.

Girard O, Mendez-Villanueva A, Bishop D. Repeated-sprint ability—part I: factors contributing to
fatigue. Sports Med. 2011; 41: 673–94. https://doi.org/10.2165/11590550-000000000-00000 PMID:
21780851

PLOS ONE | https://doi.org/10.1371/journal.pone.0201111 August 15, 2018

9 / 10

Effects of detraining on repeated-sprint ability and intermittent endurance

37.

Nakamura FY, Pereira LA, Rabelo FN, Ramirez-Campillo R, Loturco I. Faster Futsal Players Perceive
Higher Training Loads and Present Greater Decreases in Sprinting Speed During the Preseason. J
strength Cond Res. 2016; 30: 1553–62. https://doi.org/10.1519/JSC.0000000000001257 PMID:
26562717

38.

Mujika I. The influence of training characteristics and tapering on the adaptation in highly trained individuals: a review. Int J Sport Med. 1998/12/05. 1998; 19: 439–446. https://doi.org/10.1055/s-2007-971942
PMID: 9839839

39.

Mendez-Villanueva A, Hamer P, Bishop D. Physical fitness and performance. Fatigue responses during
repeated sprints matched for initial mechanical output. Med Sci Sport Exerc. 2007/11/30. 2007; 39:
2219–2225. https://doi.org/10.1249/mss.0b013e31815669dc PMID: 18046194

PLOS ONE | https://doi.org/10.1371/journal.pone.0201111 August 15, 2018

10 / 10

