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Abstract

Purpose

The aim of this study was to examine the effects of aerobic high-intensity training with

reduced volume and training cessation on body composition and physical fitness after the

end of season and the time required to recapture physical fitness with intensified retraining

following two weeks of detraining in elite soccer players.

Method

Twenty male semi-professional soccer players participated in this study. The soccer players

were assigned to either a group that completed high-intensity aerobic training (HAT, n = 10)

or to a detraining and retraining group (DHAT, n = 10) for a 5-week period immediately after

the end of the season. The first 2 weeks of the period, members of the HAT group performed

high-intensity aerobic exercise (80–90% of HRmax, 12 min × 3, three times per week),

whereas members of the DHAT group abstained from any physical activity. During the sub-

sequent 3 weeks, members of both the HAT and DHAT groups completed high-intensity

aerobic exercise. Exercise performance testing and body composition analysis were per-

formed before; after 2 weeks of detraining; and at 1, 2 and 3 weeks of retraining.

Results

Intensified high-intensity training for 5 weeks maintained the performance in the Yo-Yo Inter-

mittent Recovery level 2 test (Yo-Yo IR2) and repeated sprints at any time point (P > 0.05).

However 2 weeks of detraining resulted in significant decreases in the performance on the

Yo-Yo IR2 (P < 0.01) and repeated sprints test (P < 0.05). Performance on the Yo-Yo IR2

enhanced after 2 weeks of retraining and was maintained up to 3 weeks after retraining, with

no significant differences between conditions (P > 0.05). In addition, repeated sprint perfor-

mance markedly decreased after the detraining period (P < 0.05) and was continuously

lower compared to the baseline at 2 weeks after retraining (P < 0.05). Furthermore, this

value reached baseline level at the end of the experimental period (P > 0.05). There were no

significant differences between conditions in body composition, performance of agility, or

sprint ability throughout the 5-week experimental period (P > 0.05).
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Conclusions

The present data suggest that short-term detraining after the competitive season can

markedly decrease performances in the Yo-Yo IR2 test and repeated sprints. To return to a

previous level of ability on the Yo-Yo IR2 and/or sprint test with retraining through high-inten-

sity aerobic training after a period of detraining, a similar or longer period of retraining is

required. However, the high-intensity training with reduced amount of training after competi-

tive season can prevent reductions in physical fitness.

Introduction

Soccer is a high intensity intermittent exercise that requires a high level of physical fitness for

players to successfully perform in the game. Elite soccer players perform 587±133 m of high-

speed running (19.8–25.2 km/h) and 184 ± 87 m of sprinting (>25.2 km/h) during a typical

game [1]. The total distance of high-intensity running depends on the position of the player

and team success in a league [2]. The amount of high-intensity running performed during a

game also depends on the competitive standards between leagues: top-class professional soccer

player perform more high-intensity running compared with moderate professional soccer

players [3]. Thus, high level of physical performance is an important factor in determining

team success in soccer.

Due to the high intensity performance required in soccer, players should perform system-

atic and scientific physical fitness training. Several studies have shown that high-intensity

training improves soccer players’ fitness levels and skills, such as sprint, strength, and speed

endurance [4, 5]. The organization of fitness training for soccer players varies according to the

time frame of the periodization along with changes in training volume and intensity. These

changes seek to the optimize player’s physical condition and minimize injury [6]. For example,

training is conducted to improve physical fitness during the preseason in preparation for the

impending competitive season [7, 8].

Elite soccer players normally cease training or perform training with reduced volume and

lower intensity for more than two weeks after the end of the competitive season for physical

and mental recovery. A prolonged period of rest after the competitive season causes the partial

or complete loss of training-induced physiological and performance adaptations, which is

defined as detraining [9]. The magnitude of changes during training-induced adaptations after

detraining is different depending on the fitness level and the duration of training cessation or

insufficient training [9]. Three to six weeks of detraining did not result in changes in aerobic

capacity and muscle strength in recreational players and untrained individuals [10–12]. How-

ever, decreases in physical fitness are inevitable after such a period of detraining in well-trained

elite players who have a relatively higher level of fitness compared to recreational players [9,

13]. Unlike reduced physical fitness after a prolonged period of detraining in elite players, the

effects of short-term detraining (~2 weeks) on fitness are controversial. Buchheit et al. [14]

observed that short-term detraining after a competitive season improved levels of strength and

cardiorespiratory fitness in Australian football players [14]. In contrast, several studies

reported that physical fitness was reduced after a short-term detraining period in elite soccer

players [5, 15]. The reasons for these contrasting results are not apparent, but may be due to

differences in sports and testing methods.

Detraining and retraining affect physical fitness
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During the preseason, the aim of training is mainly to improve physical fitness, while dur-

ing the in-season period, it is performed to develop playing strategies and to enhance perfor-

mance, while maintaining physical fitness. High-intensity training is a more efficient method

of inducing skeletal muscle adaptation in comparison to moderate-intensity training [16].

High-intensity aerobic training has been widely used by athletes to improve physical fitness

during the preseason. Indeed, high-intensity aerobic training consisting of 4 bouts of 4 min at

90–95% of the maximum heart rate during the preseason significantly improved aerobic fit-

ness and match performance in soccer players [17]. Those results indicated that high-intensity

aerobic training might be effective at improving the physical fitness of soccer players and

inducing rapid training adaptation in skeletal muscle during the preseason.

In order to start the season without injury, athletes must gradually improve their post-sea-

son, resting period-induced reduction in physical fitness with an appropriate exercise intensity

and volume. However, there is limited information available regarding the effects of retraining

during pre-season training in well-trained elite soccer players. Therefore, the aim of the study

was to investigate 1) the effects of aerobic high-intensity training with reduced volume and

training cessation on body composition and physical fitness after the end of season and 2) the

time required to return to the previous level of physical fitness with intensified retraining fol-

lowing two weeks of detraining in semi-professional soccer players.

Materials and methods

Participants

Twenty semi-professional male Korea soccer players (age: 22.1±1.8 years, height: 175.5±4.7

cm). The Korean professional soccer league is divided into K League Classic (first division)

and K League Challenge (second division). The semi-professional league consists of the

National League and K3 Leagues (K3 League Advanced [12 teams] and K3 League Basic [8

teams]). The soccer players participating in this study were members of K3-league teams. All

participants had experience of elite soccer players for at least more than 7 years. All partici-

pants were non-smokers, no history of neurological disease or musculoskeletal abnormality

and none were under any pharmacological treatment during the course of the study.

Ethics statement

Before testing, all participants gave written informed consent to participate after details and

procedures of the study had been fully explained. All of the fitness testing and exercise were

performed in the research institute for sport and exercise science at Honam Unviersity. All of

the experimental protocols and related procedures were approved by the ethical committee of

Honam University.

Intervention period and training

All players participating in the study trained for more than 2 hours per day for 4–5 times per

week (excluding matches) during the previous season. An independent research assistant

selected the 20 participants from among 35 players who were between 20 and 23 years of age

by drawing a sealed envelope containing a player’s name followed by drawing another sealed

envelope containing the name of the group to which they were assigned (i.e., high-intensity

aerobic training (HAT) or detraining and high-intensity aerobic training (DHAT) group). The

two-week detraining period started immediately after the last match of the season. The fitness

tests were conducted two days and one day before the last match as a pre-test; after two weeks

of detraining; and at one, two, and three weeks of retraining.
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During the detraining experimental period, high-intensity aerobic training was performed

three times per week for two weeks in the HAT group. After approximately a 20-min warm-up

period, the players performed a soccer drill (Fig 1) on an artificial grass surface and three repe-

titions of 12 min of exercise at 80–90% of the maximum heart rate (HRmax) measured during

Yo-Yo IR2 test. These repetitions were interspersed by 3 min active recovery. The players con-

trolled exercise intensity by watching their HR monitor that recorded at 5 s intervals (Polar

Team System, Polar, Electro Oy, Kempele, Finland). These data were downloaded to a per-

sonal laptop for further analysis. The mean HR during the 12 min exercise sessions was

87.3±1.5% of HRmax. The DHAT group did not perform any exercise sessions during the two

weeks of detraining and conducted normal daily activities.

Fig 1. Diagram of high-intensity training.

https://doi.org/10.1371/journal.pone.0196212.g001
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During the retraining period, the HAT and DHAT groups performed high-intensity aero-

bic training (12 min × 3) four times per week for three weeks. The mean HR during the 12

min exercise sessions was 86.5±1.4% of HRmax in the HAT group. The DHAT group com-

pleted moderate intensity aerobic training (HRmax 70–80%; 76.5±3.2%) for two days before

completing the high-intensity training (HRmax 80–90%; 87.7±1.3%).

Experimental protocol

A schematic illustration of the experimental design is shown in Fig 2. The subjects completed

the 30 m sprint test, Yo-Yo intermittent recovery level 2 (Yo-Yo IR2) test, arrowhead agility

test, repeated sprint test, and isokinetic strength test. The tests were conducted for two days.

The participants refrained from alcohol and caffeine in the 24 h prior to the test. The partici-

pants arrived at the laboratory having completed the appropriate diet regime to monitor the

diet level. The participants were instructed to ingest water 5 mL of water for every kilogram of

their body mass 2 h before arriving at the laboratory. Upon the arrival at the laboratory, body

composition (Inbody 520, Biospace, Seoul, Korea) and height (BSM, Seoul, Korea) were mea-

sured. Following the completion of the baseline assessments, the participants commenced the

tests on an artificial grass surface. A 30-m sprint test, arrowhead agility test, and repeated

sprints test were performed in the morning. The Yo-Yo IR2 test was conducted in the evening

with 5 hours of recovery after lunch. Isokinetic strength tests were performed in the laboratory

the next day. Body composition and exercise tests were completed immediately before the end

of the season; after two weeks of detraining; and at one, two, and three weeks of retraining

intervention.

30m sprint test

The sprint tests which consisted of 2 maximal sprints of 30 m with 2-minute rest between each

sprint were conducted. The sprint times at 5, 10, 20 and 30 m were recorded using the photo-

cell gates (Microgate, Bolzano, Itaia). The participants started to run 50 cm before the photo-

cell gate recordings. The fastest times at the distances were recorded for data analysis.

Fig 2. A schematic illustration of the experimental design.

https://doi.org/10.1371/journal.pone.0196212.g002
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Repeated sprint test

The repeated sprint test consisted of seven maximal 34.2 m sprints, interspersed by 25 s of

active recovery (40 m jogging distance) [18]. Recovery was timed so that the subjects returned

to the start line between the 23rd and 24th second. Additionally, verbal feedback was given at 5,

10, 15 and 20 s of the recovery. Performance was measured as the total sprint time in seconds.

Yo-Yo intermittent recovery test (level 2)

The Yo-Yo IR2 test was performed on an artificial turf. The Yo-Yo IR2 test consists of 2 × 20

m shuttle runs at increasing speeds, controlled by audio signals from a compact disk. Between

each bout of running, the subjects completed 10 s of active recovery, consisting of 2 × 5 m jog-

ging [19]. The test was terminated when the subjects failed twice to reach the start line on time

and the distance (meters) covered at the end point was recorded [5].

Arrowhead agility test

The arrowhead agility tests consisted of 4 sprints (2 right, 2 left), with 2-minutes rest between

each sprint [20]. Each subject started 50 cm behind the start line and sprinted 10 m forward to

a cone. From the cone, the subjects turned at a right angle to a cone being apart from 5m

before turning to a cone 15 m straight from the start line. They turned again from the cone to

accelerate in a straight line for 15 m over the initial start line to complete the run. The fastest

times were recorded for data analysis. Timing gates were used to accurately assess the time to

completion.

Isokinetic strength

The subjects performed the Isokinetic dynamometry (Cybex MET-300, New York, USA) to

evaluate the unilateral strength of the concentric contraction of the flexors and extensors of the

knee [21]. The angular speed parameters of 60˚ × s-1, 180˚ × s-1, and 240˚ × s-1 were used for

the measurements. The results of the measurements were expressed in absolute peak torque

(Nm) for the purposes of the off-seasonal variation comparisons.

Statistical analysis

All data are presented as means ± SD. Two-way analysis of variance (ANOVA) with repeated

measure was conducted to determine any treatment differences between the HAT and DHAT

conditions. The assumption of sphericity (homogeneity of covariance) was assessed and cor-

rected for using the Huynh-Feldt epsilon. Because there were only 2 levels in the main effect of

condition, follow-up multiple comparisons were not necessary. A significant effect of time was

followed up with planned multiple contrasts in line with the a priori hypotheses. Therefore,

data at the specific time points were compared with the baseline (first) time point using New-

man-Keuls multiple contrasts. Where a significant interaction between condition and time

was observed, differences between conditions were examined at each time point using New-

man-Keuls multiple contrasts. Baseline values were compared using an independent samples t
test. The alpha level for evaluation of statistical significance was set at P< 0.05. Effect sizes

were assessed by partial eta squared (Z2
P), which were defined as trivial (<0.1), small (0.1–0.3),

moderate (0.3–0.5) and large (>0.5) [22].

Results

Body weight and body fat were similar between the HAT and DHAT groups throughout the

experimental period (P> 0.05; Tables 1 and 2). There was no significant effect of condition
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nor was there an interaction of condition and time (P> 0.05) in the performance of players

on sprint and agility tests (Tables 3 and 4). However, a significant effect of time was observed

for sprint test at 5 m, 10 m, and 30 m as well as in the left direction of arrowhead agility

(P< 0.05). Isokinetic strength at all angular speeds remained similar to baseline under both

conditions throughout the experimental period, with no significant effects of time, condition,

or an interaction between the two (P> 0.05; Tables 5 and 6). There was a significant interac-

tion in the Yo-Yo IR2 test (F = 3.273; P< 0.05; Z2
P ¼ 0:267), while the measurement time

(F = 1.517; P> 0.05; Z2
P ¼ 0:144) and condition were not significant (F = 1.938; P> 0.05;

Z2
P ¼ 0:177). Compared to the pre-detraining performance, the Yo-Yo IR2 test performance

decreased significantly after the two-week detraining period (P< 0.01) and the values reach

before detraining level after two weeks of retraining in the DHAT group (P> 0.05). No differ-

ences were detected at three weeks post-retraining between conditions (P > 0.05), whilst val-

ues in the HAT group remained stable throughout the experimental period (P> 0.05; Fig 3).

A main effect of time was found (F = 3.539; P< 0.05; Z2
P ¼ 0:282), along with a significant

interaction between condition and time for repeated sprint performance (F = 3.127; P< 0.05;

Z2
P ¼ 0:258). No changes in repeated sprint performance were observed at any time point

under HAT conditions (P> 0.05), whereas repeated sprint performance declined after two

weeks of detraining (P< 0.05) and remained lower than at baseline by two weeks post-

Table 1. Body composition of the subjects before, after two weeks of detraining and at one, two and three weeks of retraining (mean ± SD).

Pre 2W DT 1W RT 2W RT 3W RT

Body weight (kg) HAT 68.1±7.1 68.5±7.1 68.6±7.2 68.6±7.3 68.4±7.3

DHAT 67.5±7.3 67.8±7.3 67.9±7.3 68.2±7.2 67.9±7.3

Body mass index (kg/m2) HAT 22.7±0.4 22.7±0.5 22.7±0.5 22.5±0.6 22.9±0.4

DHAT 22.1±0.8 22.4±0.9 22.4±0.6 22.5±0.9 22.3±0.8

Skeletal muscle mass (kg) HAT 32.6±3.5 32.5±3.3 32.3±3.2 32.6±3.6 32.4±3.3

DHAT 33.0±3.5 33.2±2.3 33.1±3.2 33.4±3.3 33.3±3.3

Percent body fat (%) HAT 9.6±0.7 9.7±0.7 9.8±1.3 9.5±0.9 9.9±1.3

DHAT 9.3±1.2 9.8±1.3 9.8±1.1 9.7±1.2 9.5±1.4

Values are means ± standard deviation

https://doi.org/10.1371/journal.pone.0196212.t001

Table 2. Differences in the body composition of the subjects between conditions in each test (n = 20).

F P Z2
P

Body weight Condition 0.048 0.831 0.005

Time 12.372 0.001 0.579

Condition x Time 0.628 0.646 0.065

Body mass index Condition 2.524 0.147 0.219

Time 0.716 0.587 0.074

Condition x Time 1.776 0.155 0.165

Skeletal muscle mass Condition 0.228 0.644 0.025

Time 0.178 0.948 0.019

Condition x Time 0.117 0.976 0.013

Percent body fat Condition 0.046 0.834 0.005

Time 2.201 0.088 0.197

Condition x Time 0.653 0.629 0.068

F; testing criteria level, P; level of statistical significance, Z2
P ; partial eta squared

https://doi.org/10.1371/journal.pone.0196212.t002

Detraining and retraining affect physical fitness

PLOS ONE | https://doi.org/10.1371/journal.pone.0196212 May 10, 2018 7 / 15

https://doi.org/10.1371/journal.pone.0196212.t001
https://doi.org/10.1371/journal.pone.0196212.t002
https://doi.org/10.1371/journal.pone.0196212


retraining under DHAT conditions (P< 0.05). It reached baseline level at the end of the exper-

imental period (P> 0.05; Fig 4).

Discussion

The major findings in the present study were that two weeks of detraining after competitive

season decreased performance in the Yo-Yo IR2 test and repeated sprints. The detraining-

induced reductions in the Yo-Yo IR2 test performance improved compared to baseline levels

after two weeks of high-intensity aerobic training. Meanwhile, three weeks were required to

Table 3. Sprint and agility before, after two weeks of detraining and at one, two and three weeks of retraining (mean ± SD).

Pre 2W DT 1W RT 2W RT 3W RT

5 m HAT 1.04±0.04 1.05±0.03 1.06±0.04 1.02±0.05 1.02±0.05

DHAT 1.05±0.04 1.04±0.03 1.05±0.03 1.01±0.04 1.01±0.04

10 m HAT 1.75±0.06 1.74±0.10 1.73±0.05 1.71±0.04 1.72±0.06

DHAT 1.78±0.05 1.73±0.05 1.73±0.05 1.71±0.06 1.72±0.07

20 m HAT 3.00±0.09 3.01±0.13 3.02±0.08 2.99±0.06 2.99±0.09

DHAT 3.05±0.05 3.07±0.08 3.03±0.06 2.99±0.09 2.99±0.09

30 m HAT 4.13±0.11 4.22±0.17 4.25±0.12 4.21±0.11 4.23±0.13

DHAT 4.23±0.07 4.30±0.12 4.29±0.09 4.23±0.12 4.25±0.10

Agility (R) HAT 8.04±0.19 8.09±0.22 8.13±0.17 7.99±0.21 8.03±0.22

DHAT 8.06±0.16 8.09±0.22 8.09±0.19 8.04±0.25 8.05±0.25

Agility (L) HAT 7.99±0.17 8.12±0.20 8.10±0.20 7.98±0.23 8.00±0.18

DHAT 8.04±0.18 8.14±0.24 8.14±0.18 8.08±0.15 8.08±0.20

Values are means ± standard deviation. R; right, L; left

https://doi.org/10.1371/journal.pone.0196212.t003

Table 4. Differences in sprint and agility between conditions in each test (n = 20).

F P Z2
P

5 m Condition 0.095 0.765 0.010

Time 7.657 0.001 0.460

Condition x Time 1.586 0.199 0.150

10 m Condition 0.305 0.594 0.033

Time 4.672 0.004 0.342

Condition x Time 1.010 0.415 0.101

20 m Condition 0.480 0.506 0.051

Time 2.500 0.060 0.217

Condition x Time 1.167 0.342 0.115

30 m Condition 0.879 0.373 0.089

Time 5.357 0.002 0.373

Condition x Time 1.619 0.191 0.152

Agility (R) Condition 0.013 0.912 0.001

Time 2.516 0.058 0.218

Condition x Time 0.357 0.838 0.038

Agility (L) Condition 0.499 0.498 0.053

Time 3.542 0.015 0.282

Condition x Time 0.382 0.820 0.041

R; right, L; left, F; testing criteria level, P; level of statistical significance, Z2
P ; partial eta squared

https://doi.org/10.1371/journal.pone.0196212.t004
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return to the initial level of repeated sprint performance with retraining using high-intensity

training. Ultimately, a reduced amount of high-intensity training after the competitive season

facilitated the maintenance of physical fitness.

The HAT group that continued to perform high-intensity aerobic exercise after the compet-

itive season maintained their performance level in the Yo-Yo IR2 test over the five week treat-

ment period. These results are supported by previous studies, which indicate that, after the last

match of the season, 10 training sessions, consisting of high-intensity training for two weeks,

do not change performance in the Yo-Yo IR2 test in elite soccer players [15]. However, Naka-

mura et al. [23] observed that running and plyometric training for two days per week for three

weeks after the completion of a competitive season did not prevent the decrease in perfor-

mance in The Yo-Yo IR2 test in elite soccer players. The reason of these differences in results

is unclear but it probably related to exercise intensity. Indeed, there was no significant decrease

in performance in the Yo-Yo IR2 test during off-season in the present study and Christensen

et al. [15]’s study applying high-intensity exercise despite reduced exercise time compared to

that in-season. Furthermore, the exercise intensity was higher than that in the previous study

conducted by Nakamura et al. [23], which modulated endurance training (70–80% of

HRmax).

In the present study, we found that two weeks of detraining after the competitive season

markedly decreased performance in the Yo-Yo IR2 test in elite soccer players. Accordingly,

Table 5. Peak torques (Nm) during concentric knee flexion and extension before, after two weeks of detraining and at one, two and three weeks of retraining

(mean ± SD).

Pre 2W DT 1W RT 2W RT 3W RT

DL-PT-E-60 HAT 208.2±12.3 208.2±12.3 209.6±27.3 210.0±25.2 205.2±19.8

DHAT 211.5±13.9 212.7±15.9 214.2±15.9 216.7±17.5 208.3±12.4

DL-PT-F-60 HAT 135.8±32.3 135.8±30.6 135.8±37.7 139.2±29.5 135.2±28.2

DHAT 121.2±21.6 137.2±26.9 140.3±29.1 137.2±27.7 136.5±19.1

NL-PT-E-60 HAT 189.9±33.1 194.6±39.0 197.0±35.2 200.9±38.1 191.0±31.0

DHAT 198.1±28.0 189.1±24.2 183.9±26.8 193.0±24.6 187.0±16.4

NL-PT-F-60 HAT 129.1±30.5 127.9±26.4 125.1±34.8 128.1±26.1 127.1±31.5

DHAT 132.6±23.1 127.1±20.2 125.7±23.1 131.9±24.6 135.3±26.2

DL-PT-E-180 HAT 138.8±18.9 146.6±21.4 146.6±23.9 145.3±23.3 140.4±18.8

DHAT 145.2±23.6 146.1±15.1 152.0±20.1 150.3±15.4 152.6±18.8

DL-PT-F-180 HAT 105.4±17.3 105.2±14.8 108.5±13.8 107.3±10.9 107.7±13.4

DHAT 108.5±9.8 107.2±14.2 110.6±15.7 110.5±17.3 106.1±15.3

NL-PT-E-180 HAT 136.9±18.9 137.0±25.4 139.5±21.1 141.1±18.0 137.7±19.5

DHAT 138.1±16.5 139.6±16.6 137.9±21.9 142.7±21.4 138.5±20.8

NL-PT-F-180 HAT 97.4±18.7 93.7±18.4 99.7±24.4 96.4±18.9 95.7±21.6

DHAT 102.6±16.7 100.5±15.3 100.7±19.2 101.7±17.5 102.6±19.9

DL-PT-E-240 HAT 114.9±19.0 115.9±15.9 116.9±17.6 115.2±15.6 113.4±17.1

DHAT 116.2±16.2 118.6±12.4 117.5±13.6 119.5±12.7 115.8±11.7

DL-PT-F-240 HAT 84.6±15.1 83.8±16.8 84.8±14.1 87.3±12.2 86.2±13.8

DHAT 89.1±9.3 87.8±13.4 92.6±17.4 92.9±16.0 89.3±12.7

NL-PT-E-240 HAT 113.3±16.7 112.7±15.4 112.6±13.7 114.4±11.2 110.3±14.6

DHAT 115.2±10.8 110.3±13.1 116.1±14.6 114.2±16.8 115.4±13.2

NL-PT-F-240 HAT 83.3±15.2 83.4±18.6 81.0±19.2 85.1±16.2 86.3±12.8

DHAT 88.4±14.6 81.7±14.5 86.3±18.4 89.2±18.6 87.2±18.6

Values are means ± standard deviation. DL; dominant leg, NL; non-dominant leg, PT; peak torque, E; extensors, F; flexors, 60, 180, 240; angular velocities (˚�s-1)

https://doi.org/10.1371/journal.pone.0196212.t005
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Thomassen et al. [5] and Christensen et al. [15] observed that the Yo-Yo IR2 test performance

after detraining for two weeks decreased from 845 m to 654 m in elite soccer players. In addi-

tion, a study from another laboratory reported that a prolonged detraining period can induce

an 8% decline in maximal oxygen consumption [24], which is strongly associated with distance

on the Yo-Yo IR2 test [25]. The degree of deterioration of physical fitness over the course of

the detraining period after the competitive season is closely related to the fitness level of

Table 6. Differences in sprint and agility peak torques (Nm) during concentric knee flexion and extension

between conditions in each test (n = 20).

F P Z2
P

DL-PT-E-60 Condition 1.674 0.228 0.157

Time 1.665 0.180 0.156

Condition x Time 0.100 0.982 0.011

DL-PT-F-60 Condition 0.032 0.862 0.004

Time 1.249 0.308 0.122

Condition x Time 1.156 0.346 0.114

NL-PT-E-60 Condition 0.113 0.744 0.012

Time 0.721 0.583 0.074

Condition x Time 1.050 0.395 0.104

NL-PT-F-60 Condition 0.059 0.814 0.007

Time 1.287 0.293 0.125

Condition x Time 0.469 0.758 0.050

DL-PT-E-180 Condition 0.355 0.566 0.038

Time 1.283 0.295 0.125

Condition x Time 0.695 0.600 0.072

DL-PT-F-180 Condition 0.143 0.714 0.016

Time 0.419 0.794 0.045

Condition x Time 0.268 0.896 0.029

NL-PT-E-180 Condition 0.007 0.935 0.001

Time 0.485 0.747 0.051

Condition x Time 0.177 0.949 0.019

NL-PT-F-180 Condition 0.373 0.556 0.040

Time 0.481 0.749 0.051

Condition x Time 0.520 0.721 0.055

DL-PT-E-240 Condition 0.097 0.762 0.011

Time 0.549 0.701 0.057

Condition x Time 0.153 0.960 0.017

DL-PT-F-240 Condition 0.872 0.375 0.088

Time 0.834 0.512 0.085

Condition x Time 0.297 0.878 0.032

NL-PT-E-240 Condition 0.047 0.833 0.005

Time 0.651 0.630 0.067

Condition x Time 0.971 0.435 0.097

NL-PT-F-240 Condition 0.147 0.711 0.016

Time 1.786 0.153 0.166

Condition x Time 0.696 0.600 0.072

DL; dominant leg, NL; non-dominant leg, PT; peak torque, E; extensors, F; flexors, 60, 180, 240; angular velocities

(˚�s-1), F; testing criteria level, P; level of statistical significance, Z2
P ; partial eta squared

https://doi.org/10.1371/journal.pone.0196212.t006
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athletes [23]. Therefore, these results can support the notion that performance in the Yo-Yo

IR2 test can be reduced despite only a few days of detraining in elite soccer players with a high

level of physical fitness. These decreases in performance in the Yo-Yo IR2 test can be explained

at the muscle level. Several weeks of detraining lead to a return in muscle capillarization to

Fig 3. Yo-Yo IR2 performan for the high-intensity training (HAT; n = 10) and detraining + retraining (DHAT;

n = 10) before, after two weeks detraining and at one, two and three weeks of retraining (n = 11, mean ± SD).
��P< 0.01; significantly different from pre. �P< 0.05; significantly different from pre. ##P< 0.01; significantly

between conditions. #P< 0.05; significantly between conditions.

https://doi.org/10.1371/journal.pone.0196212.g003

Fig 4. Repeated sprint test for the high-intensity training (HAT; n = 10) and detraining + retraining (DHAT;

n = 10) before, after two weeks detraining and at one, two and three weeks of retraining (n = 11, mean ± SD).
�P< 0.05; significantly different from pre. #P< 0.05; significantly between conditions.

https://doi.org/10.1371/journal.pone.0196212.g004
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baseline before detraining in athletes and a 25%-45% decline in oxidative enzyme activities,

which result in reduced mitochondrial ATP production in skeletal muscle [9].

Several previous studies have reported that high intensity training improves the perfor-

mance in the Yo-Yo IR2 test of elite soccer players [25, 26]. In line with these results, high-

intensity aerobic training after two weeks of detraining was found to improve performance in

the Yo-Yo IR2 test in the present study. Two weeks of retraining with high-intensity exercise is

required to return close to the baseline level of performance. This result is inconsistent with a

previous study that suggested that athletes with a high fitness level must perform exercise

training for a period that is at least twice as long as the resting time period in order to improve

their physical fitness to a level of before detraining [24]. The discrepancy in time periods

required to return to the physical fitness level at baseline can be due to variations in the length

of the detraining period (four weeks versus eight weeks) and the fitness level of the athletes

(compared to end of season versus before the Olympic game). Indeed, the performance in the

Yo-Yo IR2 test decreased by 11% at the end of the season compared to the start of the season

and a 42% increase was observed during the eight weeks of pre-season training [25]. This phe-

nomenon is likely due to accumulated fatigue experienced during the competitive season. This

assumption is supported by the finding from the present study that the performance in the Yo-

Yo IR2 test was higher at three weeks of post retraining compared to baseline. Furthermore,

Noon et al. [20] and Oliver et al. [27] observed that perceptual well-being (e.g., motivation,

sleep quality, recovery, appetite, fatigue, stress, muscle soreness, stiffness) deteriorated with

an increase in training exposure and accumulated fatigue as the season progressed in elite

athletes.

Repeated sprint performance did not change over five weeks of high-intensity training after

competitive season in the present study. In contrast to the present study, previous studies

reported that two weeks of high-intensity training immediately after the end of season

enhanced repeated sprint performance in elite soccer players [5, 15]. These different results

may be associated with the high-intensity training method used during the retraining period.

Aguiar et al. [28] observed that intermittent training for 12 weeks consisting of 20 minutes per

training session resulted in greater improvements in repeated sprint performance than did

continuous training. Indeed, the training sessions in the present study largely comprised of

high-intensity endurance exercise, whereas the training sessions used in previous studies con-

sisted of five high-intensity aerobic training, including small-sided (4 vs. 4 and 3 vs. 3) soccer

drills (8 × 2 min) and five speed endurance training (10–12 × 25–30 s sprints) over the course

of two weeks. In other respects, since well-trained athletes are more sensitive to changes in

physical fitness with inadequate training intensity and do not easily experience improvements

following further training due to the ceiling effect [25], the capacity of repeated sprint perfor-

mance of the players in the present study might be optimal by the end of the competitive sea-

son. This is supported by the observation that repeated sprint performance in players from the

present study was similar to previous study conducted with professional soccer players during

the competitive season [18].

It is well known that anaerobic exercise performance decreases in highly trained elite soccer

players, despite a short period of detraining after the competitive season [9]. There was also a

significant decrease in repeated sprint performance over two weeks of detraining after the end

of a match in the present study. The detraining-induced decrease in performance gradually

increased during the three weeks retraining period. The aerobic high-intensity training-

induced increase in repeated sprint performance in the present study is likely to be the result

of training-induced biochemical adaptation in skeletal muscles. Thomassen et al. [5] and

Christensesn et al. [15] observed that two weeks of high-intensity exercise immediately after

the last match of the season enhanced Na+-K+ pump α2-isoform expression by 15%, increased
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the FXYD1ser68-to-FXYD1 ratio by 27%, increased the level of pyruvate dehydrogenase by

17%, and improved repeated sprint performance. In comparison, cessation of training for two

weeks did not affect the expression of Na+-K+ pump isoform expression and resulted in a

reduction of the AB_FXYD1ser68 signal by 18%; decreased pyruvate dehydrogenase level by

17%; a drop in citrate synthase and 3-hydroxyacyl-CoA activity to 12% and 18% of maximal,

respectively; and a reduction in performance. However, repeated sprint performance at 3

weeks post-retraining was still lower than the performance recorded at baseline. As men-

tioned, aerobic high-intensity training is not optimal for improving repeated sprint perfor-

mance, which represents the capacity for anaerobic exercise performance. On the contrary,

improvements in repeated sprint performance through aerobic high-intensity training might

be associated with the training period during the preseason. Recently, Teixeira et al. [29]

reported that high-intensity aerobic training involving shuttle-run intervals (4 × 4 min) for

five weeks during the preseason enhanced repeated sprint ability with increased aerobic per-

formance in elite athletes. When considered, these findings suggest that more than three weeks

of high-intensity aerobic training is required to develop repeated sprint performance during

preseason in elite players.

The observed lack of changes in body composition and sprint performances (10 m, 20 m,

30 m) for five weeks during the study period in both groups disagrees with previous studies

that engaged in more than two weeks of detraining [13, 30]. For example, Koundourakis et al.

[13] examined the effect of detraining on exercise performance and body composition in

professional soccer players. They observed that prolonged detraining period (six weeks) signif-

icantly increased body weight and body fat percentage and reduced maximal oxygen con-

sumption and performances in squat-jump, countermovement-jump, and sprints (10 m, 20

m). These results suggest that a short period of detraining (approximately two weeks) may not

lead to changes in body composition and explosive exercise performance in well-trained soccer

players. This is supported by findings that there were changes in neither isokinetic strength at

any angular speeds in the present study nor squat, vertical jump, or isometric and isokinetic

knee force following two weeks detraining in high fitness athletes [31]. A possible explanation

for the absence of changes in explosive exercise performance after a short period of detraining

is the lack of changes in muscle fiber characteristics. Mujika and Padilla. [9] reported that two

weeks of detraining did not alter muscle fiber distribution in well-trained athletes. However,

three weeks of detraining after the first half of a competitive season in elite soccer players

resulted in changes in skeletal muscle morphology, including a reduction in mean fast twitch

(FT) fiber cross-sectional area and reduction in mitochondrial enzyme activities and exercise

performance [32]. Taken together, these data suggest that more than two weeks of detraining

in elite soccer players could have resulted in a decrease in explosive exercise performance by

reduced ATP production in skeletal muscle.

Conclusions

In conclusion, the findings demonstrate that two weeks of detraining after the competitive sea-

son resulted in a marked decrease in performance in the Yo-Yo IR2 test and repeated sprints.

To return to a previous level of physical fitness with retraining through high-intensity aerobic

training after a period of detraining required a similar period of retraining for performance in

Yo-Yo IR2 and/or more periods for repeated sprint performance. The off-season rest period

did not result in changes in explosive exercise performances and body composition. Aerobic

high-intensity training with reduced training volume after a competitive season can prevent

reductions in performances in the Yo-Yo IR2 test and repeated sprints. On the contrary, the

decrease in aerobic and anaerobic performance induced by two weeks of detraining was
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recovered within a few weeks of adequate training during the preseason. Therefore, these find-

ings suggest that elite soccer players can be allowed to take short periods of rest (~2 weeks)

without training during the off-season for the release of mental and physical stress that is accu-

mulated throughout the competitive season.
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