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Background/objective: This study aims to compare the effect of sprint distance and repetition number on
performance, physiological responses, and energy systems contributions.
Methods: Eighteen male university league soccer players (age: 19.9 ± 1.6 years, height: 177.9 ± 4.7 cm,
body mass: 72.4 ± 6.3 kg, percentage body fat: 8.9 ± 1.8, training experience: 7.4 ± 1.6 years) completed
two different repeated sprint protocols: 20 � 20 m (20 � 20) and 10 � 40 m (10 � 40) with 15s and 30s
rest intervals, respectively. Oxygen uptake (VO2) were measured during the rest, exercise, and recovery
phases. Rest and peak blood lactate concentrations were determined. Using VO2 and lactate values, the
energy system contributions were calculated using a mono-exponential model and mathematical cal-
culations. Energy systems contributions and total energy expenditure (TEE) were calculated both for the
entire protocol (overall) and for the sprints only.
Results: Ratings of perceived exertion (RPE), peak and mean heart rate (HR) responses were significantly
higher in the 20 � 20 whereas lactate response was higher in the 10 � 40. TEE was similar between the
10 � 40 (586.3 ± 60.8 kJ) and 20 � 20 (595.6 ± 57.5 kJ). For overall estimations, the 10 � 40 and 20 � 20
presented similar results of oxidative (47.5 ± 5.4 vs 45.7 ± 5.1 kJ min�1) and phosphagen (44.7 ± 5.4 vs
(42.9 ± 4.8 kJ min�1) systems contributions whereas glycolytic contribution was higher in the 10 � 40
(15.5 ± 2.2 vs 12.8 ± 2.3 kJ min�1). For sprints only estimation, the phosphagen (257.6 ± 31.5 vs
225.2 ± 28.2 kJ min�1), glycolytic (89.4 ± 13.4 vs 67.3 ± 12.5 kJ min�1), and oxidative (76.9 ± 6.9 vs
72.0 ± 7.9 2 kJ min�1) systems contributions were higher in the 10 � 40.
Conclusions: Although HR and RPE responses were higher in the 20 � 20, phosphagen (during sprints)
and glycolytic (during both sprints and overall protocol) were higher in the 10 � 40 protocol. Therefore,
the 10 � 40 protocol seems more reasonable for developing or evaluating the anaerobic systems.

© 2021 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Although soccer is a team sport that involves low-intensity ef-
forts throughout most of the match, short-duration and high-
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intensity bouts are the main determinants that directly affect the
decisive actions during the match.1e3 Sprints are interspersed by
numerous low-intensity actions, such as walking, standing, and
jogging, that take place during a soccer match.4 A single sprint
performance is related to the ability to deplete large amounts of
high-energy phosphates at a fast rate.5 On the other hand, repeated
sprint ability, which is considered a key attribute for team sports,
refers to an athlete’s ability to recover during short rest intervals
and maintain maximal performance during consecutive sprint
bouts.5,6 Hence, due to the requirement for short-term high-power
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outputs, a fast rate of energy release and the ability to replenish
high-energy phosphate stores are critical to success in soccer.7

The evaluation of the energy demands of different exercises or
metabolic energy profiles of soccer players can help to formulate
requirements related to their training.4 Three energy systems,
which use distinct metabolic pathways but are closely integrated to
satisfy the energy requirements of the muscles, contribute at
different levels depending essentially on the exercise intensity and
duration.7 During a single 3s and 6s maximal sprint activity, the
phosphagen system (ATPePCr) contributes approximately 65%8

and 50%,9 of the necessary energy provision, respectively, after
which the glycolytic system becomes more dominant. However,
when sprint bouts are repeated with sufficient rest intervals, the
ATP-PCr relative contribution increases.9e11 The contributions of
the anaerobic (both ATP-PCr and glycolytic) and oxidative energy
systems during an exhaustive exercise bout of 10 s are 94% and 6%
respectively, but these values change to approximately 20% and 80%
respectively during a maximal exercise bout of 4e5 min.7

Conversely, following a repeated sprint protocol in which 9 � 6 s
sprints are applied with a 30-s rest interval, giving a total period of
294 s (approximately 5 min), the contribution of the anaerobic and
aerobic energy systems in the 10th sprint are indicated as 60% and
40%, respectively.9 Therefore, in a ~5-min exercise design aimed at
improving the anaerobic characteristics of soccer players, repeated
protocols with optimum repetitions, sprint distances, and rest in-
tervals seem more reasonable than maximal exercises which no
resting intervals.

Repeated sprint exercises lead to a decline in sprint performance
because of limitations at the muscular level, which reduce the
energy available from phosphocreatine hydrolysis and involve the
intramuscular accumulation of metabolic by-products such as
hydrogen ions and inorganic phosphate induced by increased
glycolysis.1,9,10,12 On the other hand, increased energy contribution
via the aerobic system is considered to reduce ATP production rates
and sprint performance.5,9,10 However, during a repeated sprint
exercise, the essential function of the oxidative system is to
resynthesize phosphocreatine (PCr), remove accumulated inor-
ganic phosphate (Pi), and oxidize lactate during short rest pe-
riods.5,9 Briefly, it seems that the most reasonable approach is to
ensure circumstances where the oxidative system is active at a
minimum level during sprint bouts and at a maximum level during
rest periods to maintain high performance.

Previous studies have also investigated the effects of a range of
repeated-sprint exercises, including variations of distance, number
of repetitions, and rest intervals on performance and physiological
characteristics.5,13e15 However, the effect of the number of repeti-
tions or single sprint distance on the contribution of the energy
systems in repeated sprint protocols with equal total distance and
similar total rest time is as yet unknown. Therefore, the aim of the
present study was to compare the effect of sprint distance and
repetition number on performance, physiological responses, and
energy system contributions during repeated sprints.

Methods

Participants

Eighteen male soccer players who compete in the National
University League (age: 19.9 ± 1.6 years, height: 177.9 ± 4.7 cm,
body mass: 72.4 ± 6.3 kg, percentage body fat: 8.9 ± 1.8, training
experience: 7.4 ± 1.6 years) volunteered to participate in this study.
Participants were chosen from soccer teams according to experi-
ence and training frequency (each athlete selected had at least five
years’ experience and trained at least three times per week) and
free of drugs or ingestion of nutritional supplements during the
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period of the study. Soccer players were tested as part of their
athletic training program of a pre-season in a total of 1 month. The
participants were instructed not to perform any strenuous exercise
for 24 h before the tests. All participants provided written consent
after being informed of all processes related to the study. All pro-
cedures were approved by the local university ethics committee.

Experimental protocol

To assess the effect of number of repetitions, the subjects
completed two different repeated-sprint protocols: 20� 20 mwith
15 s rest intervals (20 � 20), and 10 � 40 mwith 30 s rest intervals
(10� 40). Thus, work-rest ratio in the repeated sprint exercises was
1:5.3 for the 10 � 40 protocol and 1:4.5 for the 20 � 20 protocol.
The reason we used standard rest times instead of the work:rest
ratio was to test a design that a soccer team could train together.
Because determining the individual resting rate of each player ac-
cording to their sprint durationsmeans a different protocol for each
player. Although repeated sprint protocols including work:rest ra-
tio can be applied for individual trainings, they are not reasonable
for a training which whole team players perform at the same time.
The experimental sessions were performed in a randomized order.
Six players performed both protocols at 48 h intervals, while 12
players performed the protocols at 72 h intervals. The participants
attended familiarization session before the tests, where they were
allowed to try the mask used to measure their oxygen consump-
tion, and were submitted to the blood lactate concentration mea-
surement process. All tests were conducted 2e4 weeks before the
start of the regular soccer season, under standardized environ-
mental conditions (18e21 �C, 45%e55% humidity), 3e4 h after the
participants had consumed a light meal. We did not apply a
nutrition intervention to the participants, but since all participants
were in the pre-season period, they followed a similar diet program
recommended by their dietician. The tests were performed with
the participants wearing training shorts, t-shirt, and shoes, on an
outdoor soccer turf field, and the athletes were provided with
verbal encouragement to maximize their performance.

Repeated-sprint performance

The participants performed a 5-min warm-up composed of
exercises with various intensities, dynamic stretches, and short-
duration maximal running before the tests.16 Both tests of each
participants were followed by 3 evaluators as well as using a
photocell system (Smart Speed electronic system, Fusion Sport,
Cooper Plains, Australia) simultaneously. Lighted photocell gates
were used during the tests, and the athletes were instructed to
watch the lights indicating a 3-s countdown and then start
sprinting once the last light (green) was turned on. The participants
were also instructed to restart from the finish gate for the next
sprint after passing over it. The sprints started 50 cm behind the
photocell gate. Participants completed a single-criterion sprint
3 min after the warm-up. The participants were instructed that
they needed to achieve at least 95% of criterion sprint score during
the first sprint. The test was terminated when they failed and
restarted after another 5-min break.8 In terms of repeated-sprint
performance indices, the total time, best time, mean time, and
percentage of time decrement were calculated according to the
formulas proposed by Glaister et al. (2008).17

Physiological measurements

VO2 levels were monitored during the rest (10 min), exercise,
and recovery (15 min) phases using a COSMED K5 (Rome, Italy)
portable gas-exchange system in breath-by-breath mode. Prior to
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each test, the portable metabolic gas analyzer was calibrated using
a sample of known gases (5.0% CO2 and 16.0% O2). Blood lactate
concentrations were measured from the earlobe using a Lactate
Plus hand-held portable analyzer (Nova Biomedical, USA), at rest
(to determine baseline value), and first, three, five, seven, and
10 min after the tests (to determine peak value). One measurement
was taken at each time point and the coefficients of variation of
lactate measures were 13.2% for 20 � 20 protocol and 11.5% for
10 � 40 protocol. Athletes’ beat-to-beat heart rates (HR) were
measured using a HR monitor (Polar 810i, Kempele, Finland). The
highest HR that an athlete reached during an exercise session was
accepted as their HRpeak. To determine ratings of perceived exer-
tion, a Borg scale, consisting of numbered categories ranging from 6
to 20, and verbal cues from “very very light” to “very very hard,”
were shown to athletes immediately after their final repetition of
each test, and their answers were recorded.

Calculations of the contributions of metabolic energy systems

Calculation of oxidative, glycolytic, and ATP-PCr energy system
contribution were generated through VO2, delta of blood lactate
concentration, and the fast component of excess post-exercise ox-
ygen consumption (EPOC), respectively. Total energy expenditure
(TEE) during the repeated-sprint exercises was calculated as the
sum of energy derived from ATP-PCr, glycolytic, and oxidative
systems.18e20 The caloric quotient of 20.92 kJ was used in the three
different energy systems. The ATP-PCr contribution was calculated
using the fast component of EPOC following the final sprint and the
sum of VO2-time integral during the rest intervals among the
sprints.18,21 A mono-exponential model was fitted to observe the
kinetics of EPOC using OriginPro 8.0 software (OriginLab Corp.,
Northampton, USA)11,18,22 The model presented a time constant of
66.8 ± 8.5 s and an amplitude of 2467.9 ± 294.7 mL min�1 for the
10 � 40; a time constant of 70.8 ± 3.1 s and an amplitude of
2600.1 ± 286.7 mL min�1 for the 20 � 20. Thus, ATP-PCr contri-
bution during the fast component of EPOC kinetic was calculated by
multiplying the amplitude by time constant of the mono-
exponential model.

To estimate the glycolytic system contribution, a value of
1 mmol.L�1 delta lactate value (peak blood lactate after a test minus
baseline value) was considered to be equivalent to 3 mL O2.kg�1

body mass.23 Net energy derived from the oxidative system was
estimated by subtracting resting VO2 (measured for a 10-min
period while the athletes were in a stationary standing position,
but with only the last 5 min being analyzed) from the VO2 area
integrated over time during the test using the trapezoidal method.
The oxidative contribution was calculated for both the entire test
(oxidative contributionOVERALL) and sprints only (oxidative
contributionSPRINTS).11,18,21,22

Statistical analysis

Data-processing procedures were conducted using SPSS 21.0
(IBM Corp, Armonk, NY, USA) and OriginPro 8.0 software (OriginLab
Corp., Northampton, USA). The measures are reported as means
and standard deviations. Normality of distribution was verified
using the Shapiro-Wilk test. Differences between variables were
calculated using the paired Student t-test. In addition, effect sizes
for the paired Student t-test were calculated by Cohen’s d24 and
were classified according to Hopkins.25 The assumptions of sphe-
ricity were assessed by Mauchly’s test. Assumptions of sphericity
were controlled by Mauchly’s test. Whenever an assumption was
violated, Greenhouse-Geisser correction if epsilon (ε) value was
<0.75 and Huynh-Feldt correction if ε was >0.75 were applied on
the degree of freedom. For comparisons of sprints values within a
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protocol, a one-way analysis of variance with repeated measure-
ments was used. A two-way analysis of variance with repeated
measures was used to compare the variables related to the energy
system contributions (energy systems e 3 levels � protocols e 2
levels), followed by multiple comparisons.

Results

Concerning physiological responses and performance variables
(Table 1), total sprint time and percentage of sprint decrementwere
significantly higher in the 20 � 20 than 10 � 40. Delta lactate was
significantly higher in the 10 � 40. VO2 during the fast phase of
EPOC was significantly higher in the 20 � 20 whereas VO2 during
the rest intervals was similar. HRpeak, HRmean, and RPE were
significantly higher in the 20 � 20.

Regarding the energy provisions (Table 2), total energy contri-
bution and total energy demand were similar between the 10 � 40
than 20 � 20. For sprints only estimations, the phosphagen,
glycolytic, and oxidative contribution were significantly higher in
the 10� 40. For overall estimations, the glycolytic contributionwas
higher in the 10 � 40 whereas phosphagen and oxidative contri-
butions were similar between protocols.

Fig. 1 shows that the times of sprints 4e10 were significantly
higher than the time of first sprint (p < .001; d¼ 0.42e2.52, smalle
large effect) during the 10 � 40 (left panel) and the times of sprints
5e20 were significantly higher than the time of first sprint
(p < .001; d ¼ 0.53e1.93, small e large effect) during the 20 � 20
(right panel).

Fig. 2A shows that the oxidative contribution of sprint 1 was
significantly lower than the oxidative contribution of sprints 2e10
(p < .001; d¼ 1.03e1.82, moderatee large effect) and the oxidative
contribution of sprint 2 was significantly lower than the oxidative
contribution of sprints 8e10 (p < .020; d ¼ 0.62e0.92, moderate
effect) during the 10 � 40. Fig. 2B presents that the oxidative
contribution of sprint 1 was significantly lower than the oxidative
contribution of sprints 2e20 (p < .001; d ¼ 1.35e2.32, large e very
large effect) during the 20 � 20.

Fig. 2C presents that the oxygen uptake of rest interval 1 was
significantly lower than the oxygen uptake of rest intervals 2e9
(p < .001; d ¼ 1.13e2.90, moderate e very large effect); the oxygen
uptake of rest interval 2 was significantly lower than the oxygen
uptake of rest intervals 5e9 (p < .034; d ¼ 0.54e1.91, small e large
effect) and the oxygen uptake of rest interval 3 was significantly
lower than the oxygen uptake of rest intervals 8 and 9 (p < .009;
d ¼ 0.75e1.39, moderate e large effect) during the 10 � 40. Fig. 2D
shows that the oxygen uptake of rest interval 1 was significantly
lower than the oxygen uptake of rest intervals 2e19 (p < .001;
d ¼ 0.71e1.44, moderate e large effect); the oxygen uptake of rest
interval 2 was significantly lower than the oxygen uptake of rest
intervals 14e19 (p < .021; d ¼ 0.49e0.92, small e moderate) and
the oxygen uptake of rest interval 3 was significantly lower than the
oxygen uptake of rest intervals 17e19 (p < .012; d ¼ 0.44e0.77,
small e moderate) during the 20 � 20.

Fig. 3 shows that higher values were found for the oxidative
system compared to the glycolytic (p < .001; d ¼ 13.43, nearly
perfect effect for the 10 � 40 and p < .001; d ¼ 15.34, nearly perfect
effect for the 20 � 20) and phosphagen (p < .001; d ¼ 1.77, large
effect for the 10 � 40 and p < .001; d ¼ 1.95, large effect for the
20 � 00) systems for both protocols. Moreover, from the two-way
analysis of variance, there was also an interaction for energy sys-
tem and protocol (p ¼ .004; h2 ¼ 0.347).

Discussion

The present study indicated that percentage of phosphagen,



Table 1
The physiological responses and performance outputs of repeated sprint exercise forms.

10 � 40 m 20 � 20 m t p d

Total sprint time (s) 56.7 ± 1.6 67.3 ± 3.0 16.016 <.001 4.41 (nearly perfect)
Sprint decrement (%) 4.8 ± 1.7 6.9 ± 2.8 2.755 .014 0.91 (moderate)
Delta lactate (mmol.L�1) 18.6 ± 2.1 16.6 ± 2.2 2.978 .008 0.93 (moderate)
VO2[EPOCfast] (L) 2.7 ± 0.5 3.1 ± 0.3 3.366 .004 0.74 (moderate)
VO2[REST] (L) 8.9 ± 1.2 9.0 ± 1.1 0.382 .707 0.07 (trivial)
HRpeak 184 ± 8 188 ± 8 2.415 .027 0.44 (small)
HRmean 164 ± 7 168 ± 9 2.204 .042 0.50 (small)
RPE 17 ± 1 19 ± 1 6.985 <.001 1.23 (large)

Note: VO2[EPOCfast] ¼ oxygen consumption during the fast phase of EPOC; VO2[REST] ¼ oxygen consumption during the rest intervals; HR¼ heart rate; RPE¼ rating of perceived
exertion.

Table 2
Energy demand and energy system contributions during repeated sprint exercise forms.

10 � 40 m 20 � 20 m t p d

Total energy contribution (kJ) 586.3 ± 60.8 595.6 ± 57.5 0.894 .384 0.15 (trivial)
Total energy demand (L of O2) 28.0 ± 2.9 28.5 ± 2.7 0.895 .383 0.17 (trivial)
OxidativeOVERALL (kJ.min�1) 47.5 ± 5.4 45.7 ± 5.1 1.933 .070 0.35 (small)
OxidativeSPRINTS (kJ.min�1) 76.9 ± 6.9 72.0 ± 7.9 3.515 .003 0.66 (moderate)
GlycolyticOVERALL (kJ.min�1) 15.5 ± 2.2 12.8 ± 2.3 4.982 <.001 1.16 (moderate)
GlycolyticSPRINTS (kJ.min�1) 89.4 ± 13.4 67.3 ± 12.5 6.947 <.001 1.71 (large)
PhosphagenOVERALL (kJ.min�1) 44.7 ± 5.4 42.9 ± 4.7 1.690 .109 0.36 (small)
PhosphagenSPRINTS (kJ.min�1) 257.6 ± 31.5 225.2 ± 28.7 4.746 <.001 1.08 (large)

Note: OVERALL ¼ estimated during the entire test (sprints þ rest intervals); SPRINTS ¼ estimated during the sprints only.

Fig. 1. Time measured during 10 � 40 m (left panel) and 20 � 20 m (right panel) repeated sprint exercise forms. Note: * significantly different from sprint 1. p < .05. d ¼ 0.42e2.52
for 10 � 40 m d ¼ 0.53e1.93 for 20 � 20 m.
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glycolytic, and oxidative systems contributions were 41.4 ± 1.4%,
14.5 ± 2.3%, and 44.1 ± 1.5%, respectively, for the 10� 40OVERALL, and
42.3 ± 1.1%, 12.7 ± 2.4%, and 45.0 ± 1.5%, respectively, for the
20 � 20OVERALL. In addition, TEE was similar between the 10 � 40
and 20 � 20. For overall estimations, the 10 � 40 and 20 � 20
presented similar results of oxidative and phosphagen systems
contributions whereas glycolytic contribution was higher in the
10 � 40. However, for sprints only estimation, the phosphagen,
glycolytic, and oxidative systems contributions were higher in the
10 � 40. Hence, considering that the anaerobic contributions are
critical for many team athletes’ decisive actions, the 10 � 40 pro-
tocol may be a more appropriate training or test protocol, since the
contribution of both the phosphagen (during sprints) and glycolytic
system (during both sprints and overall) are significantly higher
than 20 � 20 protocol.

Balsom et al.26 reported that VO2 during 30 s rest periods during
185
before the sprints 3e5, 5e7, 9e11, and 15 of 15 � 40 m protocol
were 2.85, 3.07, 3.11, and 3.09 L min�1, respectively. Milioni et al.11

indicated the VO2 during the sprint bouts of 6 � 35 m protocol
ranged from approximately 0.12e0.28 L and reported that sprints 1
and 2 were lower than others. Our study found that the VO2 during
the sprint bouts of 10 � 40 and 20 � 20 protocols ranged from 0.23
to 0.38 L and 0.09e0.21 L, respectively. Furthermore, initial sprints
(sprints 1 or 2) were lower than next sprints whereas there was no
increase later period in both protocols. Similarly, VO2 during the
rest intervals of 10 � 40 and 20 � 20 protocols ranged from 0.8 to
0.11 L (1.6e2.2 L min�1) and 0.43e0.51 L (1.72e2.4 L min�1),
respectively. Moreover, rest intervals 1e3were lower than next rest
intervals whereas there was no increase among the subsequent rest
intervals for both protocols. It is known that, there is an exponential
rise at the onset of the heavy exercises since the respiratory and
cardiovascular systems do not supply enough oxygen, then VO2



Fig. 2. Oxidative contribution during the sprint efforts and the rest intervals. Note: Panel A shows that *sprint 1< sprints 2e10 (d ¼ 1.03e1.82); #sprint 2< sprints 8e10
(d ¼ 0.62e0.92). Panel B shows that ysprint 1< sprints 2e20 (d ¼ 1.35e2.32). Panel C shows that arest interval 1< rest intervals 2e9 (d ¼ 1.13e2.90); brest interval 2< rest intervals
5e9 (d ¼ 0.54e1.91); crest interval 3< rest intervals 8 and 9 (d ¼ 0.75e1.39). Panel D shows that drest interval 1< rest intervals 2e19 (d ¼ 0.71e1.44); erest interval 2< rest intervals
14e19 (d ¼ 0.49e0.92); arest interval 3< rest intervals 17e19 (d ¼ 0.44e0.77). p < .05.

Fig. 3. Estimated relative energy contribution during 10 � 40 m and 20 � 20 m repeated sprint exercise forms. Note: y phosphagen different from oxidative and glycolytic; z

glycolytic different from oxidative; * 10 � 40 different from the 20 � 20. p < .05).
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becomes more stable in a few minutes.27,28 Similarly the afore-
mentioned studies, the findings of this study showed that VO2
during sprinting and rest intervals significantly increases in initial
period, then VO2 increases slightly.

Milioni et al.’s11 calculations of energy demand in 6� 35m tests
with a resting time of 10 s reported TEE of 199.6 kJ for the whole
protocol and 156.2 kJ for sprints only. Additionally, these authors
estimated the phosphagen, glycolytic, and oxidative systems con-
tributions of 28.3%, 33.9%, and 37.8% for the entire period and,
36.2%, 43.7%, and 20.1% for sprints only, respectively. Gaitanos
et al.10 applied 10 � 6 s cycle sprint exercise with 30 s rest intervals
and found a decrease of 43.6 mmol kg�1 dm (from 76.5 to 32.9)
186
during the first sprint, whereas a decrease of 25.3 mmol kg�1 dm in
the PCr stores (from 37.5 to 12.2) during the 10th sprint. Addi-
tionally, from conducting a range of estimations, Girard et al.9 re-
ported contributions of the phosphagen, glycolytic, and oxidative
systems during a single sprint (6 s) of 52%, 40%, and 8%, whereas the
values for the last sprint (10th sprint of a repeated sprint protocol
with 30 s rest intervals) were 51%, 9%, and 40%, respectively.
Therefore, it is clear that the relative contribution of the phos-
phagen system does not change expressively in this type of
repeated sprint exercises, but the absolute contribution decreases.
Hence, to improve repeated sprint performance, strategies that
increase the absolute contribution of the phosphagen system either
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providing more PCr available or increasing its re-synthesis may be
reasonable.

Previous studies using the short (�30 s) resting intervals have
reported performance decrements around %9e10 during repeated-
sprint exercises.11,15 However, unlike the current research, these
previous studies examined only a single protocol. Another previous
study conducted four different repeated-sprint protocols with a
total distance of 600m, with rest periods chosen as four or six times
the best sprint times. One of these protocols involved 15 � 40 m
sprints with a rest interval of 33.6 s, while another involved
40 � 15 m sprints with a rest interval of 15.6 s. Speed decrement
values in these two protocols were 4.1% and 7.5%, respectively.13

The same study’s third protocol involved 15 � 40 m sprints with
a rest interval of 22.4 s, while the final protocol involved 40 � 15 m
sprints with a rest interval of 10.4 s. The speed decrement values in
these protocols were 11.1% and 15.9%, respectively. Similarly, in the
present study, 10 � 40 and 20 � 20 protocols resulted in speed
decrements of 4.8 and 6.9%, respectively. The aforementioned
findings indicate that, in repeated-sprint exercises with equal total
distance and rest rates, increasing the number of repetitions results
in higher performance decrement.

On the other hand, performance decrement in repeated-sprint
designs seems to be independent of lactate accumulation. Little
et al.13 report a greater response of blood lactate in the 15 � 40 m
protocol despite a higher performance decrement in the 40 � 15 m
protocol. Similarly, our results showed that higher blood lactate
concentration in the 10 � 40 protocol despite higher performance
decrement in the 20 � 20 protocol. In repeated sprints with a very
short resting interval (~15 s or fewer), deceleration and rapid
movements are required for participants to return to the starting
line as soon as possible for the next sprint. In addition, considering
that using forceful eccentric contractions to decelerate may cause
muscle damage, the contradictory findings of less accumulation of
lactate but more performance decrement may be acceptable.29

Moreover, RPE responses in the present study support this proba-
bility since RPE is higher in the 20 � 20 protocol.

Previous studies have shown that protocols with repeated-
sprint bouts of distances of 30 m and longer (or longer than 5 s)
lead to high blood lactate values.13,14,26 For example, studies have
reported that 5 � 6 s cycling exercise,15 6 � 35 m sprint running,11

10 � 30 m sprint running (15 þ 15 m) with 180� change of direc-
tion,30 and 7 � 34.2 m sprint31 exercises increase blood lactate
concentration to 12.0, 15.5, 12.7, and 15.4 mmol L�1, respectively.
Padulo et al.14 applied 6 � 40 m shuttle sprints (20 þ 20 m with
180� change of direction) separated by 15, 20, and 25 s recovery in
male soccer players and reported blood lactate concentrations of
14.5, 12.7, and 8.0 mmol L�1, respectively. Similarly, Balsom et al.26

applied 15 � 40 m repeated sprint exercise with separated by 30,
60, and 120 s rest intervals and indicated that blood lactate re-
sponses of 17.2, 13.9, and 12.1 mmol L�1, respectively. Little et al.13

applied different protocols with equal total distance, and their re-
sults show the highest blood lactate value (14.1 mmol L�1) in the
protocol containing the combination of long distance (40 m) and
short rest (22.4 s). In the current study, the blood lactate levels were
higher in the 10 � 40 protocol than 20 � 20 protocol. Hence, it
seems that when other variables are kept constant, increasing the
sprint distance or reducing the rest interval results in increased
lactate responses. The fact that peak glycolytic activation occurs
around 5s7 and the time in sprints longer than 40 m last more than
this period is a possible explanation for higher blood lactate in our
longer protocol. Moreover, the shorter intervals are likely
decreasing the PCr re-synthesis, which makes the effort be sup-
ported by a higher glycolytic contribution, up to the point that
hydrogen ions negatively affect the phosphofructokinase activa-
tion, decreasing the glycolytic rate.10
187
Standard rest times were used in this study instead of the work:
rest ratio to test a design that a soccer team could train together.
Because using the individual resting rate of each athlete according
to their sprint durations means a different protocol for each athlete.
Although repeated sprint protocols including work: rest ratio can
be applied for individual trainings, they are not reasonable for a
training which whole team players perform at the same time. The
present study showed the performance and physiological re-
sponses between two repeated sprint protocols. First protocol
included 20 m distance with of 15 s rest intervals whereas second
protocol doubled the distance and rest time variables but halving
the repetition number. Therefore, this study can provide practical
findings for field professionals to standardize or modify repeated
sprint components for all team players.

Conclusions

Repeated-sprint exercises should be designed to reflect the
actual performance of the sport. In this study, football-specific
sprint distances, repetition numbers and rest intervals were
applied. Unlike cycling sprints, the present study showed that
deceleration and jogging activities performed to return to the next
start line reduced the participants’ full rest periods when the rest
periods were too short and the repetition number was high in the
running sprint exercises. Moreover, these findings were supported
with the results of physiological responses and energy systems
contributions were higher in the 10 � 40 but RPE was higher in the
20 � 20 protocol.

This study revealed detailed information on the energy demand
and the contribution of the energy systems of two different pro-
tocols in which many variables such as total distance, total exercise
and rest time were similar. The findings showed that there was a
rapid increase in VO2 during the initial sprints during the sprint
efforts or rest intervals, then increased slightly. This study also
draws attention to the fact that the estimation of overall or during
the efforts may highly change the energy proportions in repeated
sprints. The contribution of the oxidative system seems superior
because of the inclusion of VO2 in rest intervals in the estimations
of overall. Consequently, this study indicated that 10 � 40 protocol
seems more reasonable to improve the anaerobic contribution
during repeated sprint performance which is critical in the soccer
and many team sports, as the phosphagen and glycolytic system
contribution is higher than 20� 20 protocol. Thus, the findingsmay
provide evidence to allow soccer coaches and sports scientists to
more effectively evaluate athletes’ performance and prescribe
optimal training exercises.

Funding disclosure

None.

Declaration of competing interest

We have no conflicts of interest to disclose.

Acknowledgements

The authors wish to thank all the participants who volunteered
for this study, and declare no conflict of interest.

References

1. Bishop D, Girard O, Mendez-Villanueva A. Repeated-sprint abilitydPart II.
Sports Med. 2011;41(9):741e756.

2. Varley MC, Gabbett T, Aughey RJ. Activity profiles of professional soccer, rugby

http://refhub.elsevier.com/S1728-869X(21)00015-0/sref1
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref1
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref1
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref1
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref2


S. Ulupınar, S. €Ozbay, C. Genço�glu et al. Journal of Exercise Science & Fitness 19 (2021) 182e188
league and Australian football match play. J Sports Sci. 2014;32(20):
1858e1866.

3. Taylor JM, Macpherson TW, Spears IR, Weston M. Repeated sprints: an inde-
pendent not dependent variable. Int J Sports Physiol Perform. 2016;11(5):
693e696.

4. Andrzejewski M, Chmura J, Pluta B, Konarski JM. Sprinting activities and dis-
tance covered by top level Europa league soccer players. Int J Sports Sci Coach.
2015;10(1):39e50.

5. Turner AN, Stewart PF. Repeat sprint ability. Strength Condit J. 2013;35(1):
37e41.

6. Lopes-Silva JP, da Silva Santos JF, Abbiss CR, Franchini E. Measurement prop-
erties and feasibility of repeated sprint ability test: a systematic review.
Strength Condit J. 2019;41(6):41e61.

7. Gastin PB. Energy system interaction and relative contribution during maximal
exercise. Sports Med. 2001;31(10):725e741.

8. Spencer M, Bishop D, Dawson B, Goodman C. Physiological and metabolic re-
sponses of repeated-sprint activities. Sports Med. 2005;35(12):1025e1044.

9. Girard O, Mendez-Villanueva A, Bishop D. Repeated-sprint abilitydPart I.
Sports Med. 2011;41(8):673e694.

10. Gaitanos GC, Williams C, Boobis LH, Brooks S. Human muscle metabolism
during intermittent maximal exercise. J Appl Physiol. 1993;75(2):712e719.

11. Milioni F, Zagatto AM, Barbieri RA, et al. Energy systems contribution in the
running-based anaerobic sprint test. Int J Sports Med. 2017;38(3):226e232.

12. Bogdanis GC, Nevill ME, Boobis LH, Lakomy H. Contribution of phosphocreatine
and aerobic metabolism to energy supply during repeated sprint exercise.
J Appl Physiol. 1996;80(3):876e884.

13. Little T, Williams AG. Effects of sprint duration and exercise: rest ratio on
repeated sprint performance and physiological responses in professional soc-
cer players. J Strength Condit Res. 2007;21(2):646e648.

14. Padulo J, Tabben M, Ardigo L, et al. Repeated sprint ability related to recovery
time in young soccer players. Res Sports Med. 2015;23(4):412e423.

15. Soydan TA, Hazir T, Ozkan A, Kin-Isler A. Gender differences in repeated sprint
ability. Isokinet Exerc Sci. 2018;26(1):73e80.

16. Chaouachi A, Padulo J, Kasmi S, Othmen AB, Chatra M, Behm DG. Unilateral
static and dynamic hamstrings stretching increases contralateral hip flexion
range of motion. Clin Physiol Funct Imag. 2017;37(1):23e29.

17. Glaister M, Howatson G, Pattison JR, McInnes G. The reliability and validity of
fatigue measures during multiple-sprint work: an issue revisited. J Strength
188
Condit Res. 2008;22(5):1597e1601.
18. Latzel R, Hoos O, Stier S, et al. Energetic profile of the basketball exercise

simulation test in junior elite players. Int J Sports Physiol Perform. 2018;13(6):
810e815.

19. Hellard P, Pla R, Rodríguez FA, Simbana D, Pyne DB. Dynamics of the metabolic
response during a competitive 100-m freestyle in elite male swimmers. Int J
Sports Physiol Perform. 2018;13(8):1011e1020.

20. Franchini E, Sterkowicz S, Szmatlan-Gabrys U, Gabrys T, Garnys M. Energy
system contributions to the special judo fitness test. Int J Sports Physiol Perform.
2011;6(3):334e343.

21. Panissa VL, Fukuda DH, Caldeira RS, et al. Is oxygen uptake measurement
enough to estimate energy expenditure during high-intensity intermittent
exercise? Quantification of anaerobic contribution by different methods. Front
Physiol. 2018;9:868.

22. Julio UF, Panissa VL, Cury RL, Agostinho MF, Esteves JV, Franchini E. Energy
system contributions in upper and lower body wingate tests in highly trained
athletes. Res Q Exerc Sport. 2019;90(2):244e250.

23. di Prampero PE, Ferretti G. The energetics of anaerobic muscle metabolism: a
reappraisal of older and recent concepts. Respir Physiol. 1999;118(2-3):
103e115.

24. Cohen J. Statistical Power Analysis for the Behavioral Sciences. Academic press;
2013.

25. Hopkins W. A Scale of Magnitudes for effect statistics. Sportscience. A New View of
Statistics. 2002:502, 411.

26. Balsom P, Seger J, Sj€odin B, Ekblom B. Maximal-intensity intermittent exercise:
effect of recovery duration. Int J Sports Med. 1992;13(7):528e533.

27. Kang J. Bioenergetics Primer for Exercise Science. Human Kinetics; 2008.
28. Barstow T. Characterization of VO2 kinetics during heavy exercise. Med Sci

Sports Exerc. 1994;26(11):1327e1334.
29. Endoh T, Nakajima T, Sakamoto M, Komiyama T. Effects of muscle damage

induced by eccentric exercise on muscle fatigue. Med Sci Sports Exerc.
2005;37(7):1151e1156.

30. Gharbi Z, Dardouri W, Haj-Sassi R, Castagna C, Chamari K, Souissi N. Effect of
the number of sprint repetitions on the variation of blood lactate concentration
in repeated sprint sessions. Biol Sport. 2014;31(2):151.

31. da Silva JF, Guglielmo LG, Bishop D. Relationship between different measures of
aerobic fitness and repeated-sprint ability in elite soccer players. J Strength
Condit Res. 2010;24(8):2115e2121.

http://refhub.elsevier.com/S1728-869X(21)00015-0/sref2
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref2
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref2
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref3
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref3
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref3
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref3
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref4
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref4
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref4
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref4
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref5
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref5
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref5
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref6
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref6
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref6
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref6
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref7
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref7
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref7
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref8
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref8
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref8
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref9
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref9
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref9
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref9
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref10
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref10
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref10
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref11
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref11
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref11
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref12
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref12
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref12
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref12
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref13
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref13
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref13
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref13
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref14
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref14
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref14
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref15
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref15
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref15
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref16
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref16
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref16
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref16
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref17
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref17
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref17
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref17
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref18
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref18
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref18
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref18
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref19
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref19
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref19
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref19
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref20
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref20
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref20
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref20
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref21
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref21
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref21
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref21
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref22
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref22
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref22
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref22
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref23
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref23
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref23
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref23
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref24
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref24
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref25
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref25
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref26
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref26
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref26
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref26
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref27
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref28
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref28
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref28
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref28
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref29
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref29
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref29
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref29
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref30
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref30
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref30
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref31
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref31
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref31
http://refhub.elsevier.com/S1728-869X(21)00015-0/sref31

	Effects of sprint distance and repetition number on energy system contributions in soccer players
	Introduction
	Methods
	Participants
	Experimental protocol
	Repeated-sprint performance
	Physiological measurements
	Calculations of the contributions of metabolic energy systems
	Statistical analysis

	Results
	Discussion
	Conclusions
	Funding disclosure
	Declaration of competing interest
	Acknowledgements
	References


